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PREFACE. 



While engaged in remodelling, improving, and standardising 
the dynamo machines manufactured by a large firm in 
Germany, the writer felt the need of some reliable method 
for examining the machines with a view to finding their 
best proportions, and also of some method for calculating the 
windings for the field magnets, especially for shunt and 
compound wound machines. The methods heretofore used 

^ were either based on purely theoretical deductions, and were 
therefore of little practical value, or else they were inaccurate 

^ or cumbersome and unreliable. 

^ The method described in these articles was devised to 

•^ meet the requirements of engineering practice, and to obviate 

' as much as possible the objectionable factor of empiricism. 

Although far from perfect, it will at least serve as a guide 

^ until some more complete method is devised and thoroughly 

tested by its application to practice. 

The greater part of these articles was first published in 
the * Electrical World,' of New York. They have, however, 
been revised, enlarged, and in many parts rewritten 
entirely. 

Carl Bering. 
Philadelphia, U.S.A. 
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CHAPTEE I. 

Introductory. 

In designing a dynamo for generating a certain definite 
potential and current, it is difficult, if not impossible, in 
most cases to calculate all its parts with any great degree of 
accuracy, as there are a number of proportions which depend 
on quantities varying very greatly in their values. Among 
these quantities are chiefly the magnetic qualities of the iron 
used, the effect of the shape of the magnetic parts, the air 
space in the magnetic circuit, the magnetic leakage around 
the outside of the magnets and of the armature, the variable 
resistance-equivalent of the self-induction of the armature 
and field magnet coils, the effect of the number of pulsations 
or armature coils, the Foucault currents in the armature 
core and in the pole-pieces, the counter magnetism of the 
armature, and the retardation of its magnetism, commonly 
called the magnetic lag. Until it is known how these affect 
the electromotive force and current quantitatively, it will 
be impossible to make any accurate calculations of the 
most economic size of all the different parts of a dynamo 
for generating a certain definite electromotive force and 
current. It is known, however, that under certain con- 
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2 PRACTICAL DIRECTIONS FOR 

ditions easily obtainable in practice, the effect of a number 
of those quantities or proportions on the electromotive force 
and current is so small that it may be neglected. The effect 
of certain others will be approximately the same in machines 
of different sizes but of the same general proportions. 

'The quantitative relation between the ampere-turns of 
the field magnet coils and the useful lines of force entering 
the armature, for differently shaped magnets, is still a factor 
about which very little, if any, definite and reliable in- 
f"r;nation has been published. Eecent investigations* in 
apparently the right direction may, however, lead to the 
determination of certain reliable constants and relations, 
which will materially aid the engineer in calculating more 
nearly the relations between the exciting current and the 
field intensity, without first construciing a number of trial 
machines. 

If tlie size of a field and its intensity in gausses or in 
number of lines of force per square inch were known, the 
calculation of a well-proportioned armature to be used with 
this field, and to give a certain definite electromotive force 
and current, would not be difficult, for it is known that a 
wire cutting lines of force at the rate of 100,000,000 per 
second will generate one volt. This, together with the 
consequent length, tUe allowable resistance and the necessary 
cooling surface, will enable one to make a tolerably accurate 
calculation of the number of turns, the size of the wire, and 
in general, all the proportions of the armature, provided 
it is designed so that the objectionable factors, such as the 
self induction, the counter magnetism, the sparking, etc., 
may be made small enough to be neglected, or allowed for 
by a small " factor of safety." 

If the machine to be designed does not differ greatly in 
shape and general proportions from a finished machine, 
which may be tested and used as a model, it is not difficult 
to calculate approximately its proper proportions if it is 

* KVapp, * Proceedings of the Society of Telegraphic Engineers,' 
November lltli, 1886. 



WINDING MAGNETS FOR DYNAMOS. 3 

assumed that the field intensity is the same. The armature 
may be readily calculated, even for an electromotive force 
and current differing considerably from those of the model 
machine. The magnets may be calculated from the total 
amount of magnetism required, which is determined by the 
intensity per square inch, and the number of square inches 
of core and of pole-piece surface required by the new 
armature, remembering that every line of force requires the 
same cross section of iron, that is, that the cross section of 
the cores of the field magnets, as well as that of all the other 
iron parts in the circuit of the linos of force, should be 
increased in the same proportion as the total number of lines 
of force. Suppose for example that from the calculation of 
the armature it is found that the field, of the same intensity, 
should have double the area of that in the model, that is, 
the pole-piece surface should be twice as large, then the 
number of field magnets of the same size and winding would 
have to be doubled, that is, there would have to be two 
magnets to every one in the model. But it is objectionable 
on account of economy of wire, winding, and machine fitting, 
to have several small parallel magnets terminating in the same 
pole-piece, and, therefore, it is preferable to combine the two 
magnets into one. This large core must, therefore, have 
about twice the cross section of core in order to be equiva- 
lent magnetically to the two smaller ones. 

If in testing the model machine it is found that the 
cores are too large or too small, or the winding too deep, 
or if the heating of the majinets is too great, it is best 
to find first, what the proper sizes should be for this model 
machine, and from these corrected dimensions determine 
those of the new machine. 

Should the new magnets require wire of different size, 
as for instance when both are shunt machines of the same 
potential, or series machines with a different current, a 
correction should be made for the insulation. As a guide 
to determine this correction it may be assumed that the 
external cooling surface of the magnet coils should be 
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4 PRACTICAL DIRECTIONS FOR 

proportional to the watts consumed in the coiln, in order 
that the magnets should not heat any more than those of the 
model machine. For the same cross section of the coil space 
perpendicular to the wire, and for the same external cooling 
surface, it is evident that it makes no difference, as far as the 
heating is concerned, what size of wire is used, nor what the 
thickness of the insulaf ion is, as long as the watts consumed 
in it are the same, because the heat generated and the 
cooling surface then remain the ^ame. It is often necessary 
to take into account also the resistance of the coils and their 
current, besides the watts consumed, and, therefore, the 
wire will generally be limited to one particular size for each 
machine, as will be shown in the following chapters. 

For the same cores and external cooling surface, and the 
same ampere- turns obtained in the one ca^e by a smaller wire 
of more turns, and in the other case by a larger wire of 
fewer turns, it may in general be assumed that that portion 
of the whole transverse cross section of the coil which is 
copper, should remain the same or approximately so. It is, 
therefore, necessary to increase the space allowed for the 
coil, when fine wire is used, by the amount occupied by the 
larger proportion of insulation. This correction factor may 
be readily determined by winding a small spool with the 
coarse wire, and a similar one with the fine wire to the 
same depth. From the number of turns on these spools and 
the size of the wire, calculate the cross section of copper in 
each one. The cross section of the coil spaces being the 
same, it may then be readily determined by a simple pro- 
portion what the space should be for a fine wire coil having 
the same cross section of copper as the coarse one. For 
example, suppose the cross sections of copper in two spools 
of the same volume, to be 10 and 5 respectively, then it is 
evident that the space or volume of the finer coil should be 
twice that of the other in order to have the same cio s 
section of copper in it. In general the cross section of two 
coil spaces should be inversely as the cross section of copper 
of two equal volume coils. 
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The increased space for a fine wire coil should preferably 
be allowed for in the length of the core and not in the depth 
of the winding or thickness of the coil, unless the correction 
is small, as the depth should be a constant proportion of the 
mean diameter of the core, and it is assumed in the above- 
mentioned rule that the mean length of one winding remains 
the same. 

These calculations will enable one to determine approxi- 
mately the size of the magnet cores and coil spaces, and the 
winding required for a new machine to generate a certain 
definite electromotive force and current with a predetermined 
armature. But as quite a number of factors were neglected, 
the finished machine may give a potential or current differing 
materially from what was desired. It is necessary therefore 
to allow what might be called a factor of safety, that is, to 
make the magnets slightly larger than the calculation re- 
quires, in order to be sure of obtaining at least the desired 
result. The final adjustment of the finished machine may 
then be made by increasing or diminishing the speed by the 
amount required. 

It will frequently be found, however, that as regards 
the winding of the coils, this method will give unsatisfac- 
tory results, and that the probabilities are that the neces- 
sary speed obtained from the final experiment will either 
be too high to make the machine safe and durable, or that 
it will be too low to give the required efficiency for tbe 
size and cost of the machine. Such a method will be es- 
pecially unsatisfactory if it is desired to construct the machine 
of the best possible proportions, while for compound machines 
it will be almost impossible to obtain any reliable results. 
In such cases the methods described in the following chap- 
ters will be found to be very little more trouble, and will 
in all cases enable the winding of the predetermined cores 
to be calculated with all due precision, and at the same time 
will afford an easy means of ascertaining the best or the 
cheapest proportions. 
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CHAPTER II. 

Preliminary Tests. 

In determining the proper winding of machine magnets it 
is necessary to comply with the following conditions : — That 
in the finished machine the necessary speed is not too high 
to be safe and practicable, or too low to obtain the best eflB- 
ciency in the machine ; that the brushes may be placed in 
the position of least sparking ; that the magnet coils have 
the proper resistance, in order that they absorb the proper 
percentage of energy allotted to them, and that the cost of 
the wire on the magnets is not too great; that for shunt 
machines, the resistance is not too great to enable the proper 
exciting current to flow through the coils ; that the number 
of watts generated is not too small in proportion to the size 
and cost of the machine ; in general, that the proportions 
are the most economic and most efficient under the circum- 
stances. 

The following method affords a sure and tolerably exact 
means for determining the proper winding in compliance 
with these conditions, thus eliminating entirely the factors 
of uncertainty, or of good or bad guessing. 

The greatest current which a machine will be able to 
maintain continually depends on the size of wire of the 
armature, on the amount of its heat radiating surface, and 
on the number of watts consumed in the armature itself. In 
general, therefore, the current is limited by the armature ; 
this having been constructed, the maximum current is fixed 
and determined by it. There remains then to construct a 
field, iu which this armature will, at the proper speed, de- 
velop the desired electromotive force while the previously 
determined current is flowing through it. 

The speed of the armature depends only on its mechanical 
construction, and is therefore limited by it. As an increased 
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speed signifies a direct gaiu in some otlier proportions, it is 
evident that it should be made as high as it is practically 
safe and advisable to run the armature continually with a 
full load on the machine. It is also assumed here that the 
field magnet frame has been designed and constructed so 
as to meet, as well as it is possible to predetermine it, the 
requirements of the field. 

As the electromotive force depends upon the speed, the 
number of windings on the armature, the size of the arma- 
ture, and the magnetism of the field magnets, it is evident 
that if the armature and frame are constructed and the speed 
determined upon, the only thing left to vary, in order to 
make the armature give the required electromotive force, is 
the magnetism of the field magnets. 

In order to determine this, erect the machine with its 
proper armature, run it at its proper speed with some tem- 
porary coils on the magnets, being careful to note the exact 
number of turns of wire on these coils. While running the 
machine at its proper speed, discharging the current from the 
armatui'e directly into a large rheostat, a battery of lamps, a 
tub of acidulated water, or secondary batteries, excite the field 
magnets with the current from another machine or secon- 
dary battery. Increase or diminish this exciting current, 
and regulate the rheostat in which the current is absorbed 
until the current delivered by the armature is the proper 
strength and has the required potential, when the brushes 
are set to the least-sparking position. It is evident that 
tliis will enable one to properly adjust all the parts and con- 
ditions, and ^ill allow of any slight changes of speed, or 
other changes, which the running of the machine may show 
to be necessary. When it is running properly and has been 
** warmed " sufficiently, measure the exciting current. 

The intensity of a field is proi;ortional to the ampere- 
windings or ampere- turns on the several magnets, that is, to 
the number of amperes flowing through the wire multiplied 
by the sum of the number of turns on all the magnets. It is 
immaterial whether the current be large and the number of 
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tiims small, as in a series machine, or vice versd, as in the 
shunt machine, or whether it be a combination of both, as 
in a compound machine, if only the product of the current 
into the number of turns be the same. 

The measurement made as above described will, therefore, 
if the amperes of current be multiplied by the number of 
windings in the coils, give the proper ampere- windings 
required to make the machine generate the desired electro- 
motive force when delivering the proper current at the 
proper speed. It remains only to calculate the correct size 
of the wire and the number of its turns, from this given 
quantity of ampere- windings, in order that the finished 
machine may have the required intensity of magnetic field, 
that is, the same ampere-windings. This size of wire will, 
of course, depend on whether it is a shunt, series, or 
compound machine, also on the allowable current or fall of 
potential in the magnet coils, on the cost of the wire, etc. The 
formula for determining the size of the wire for these three 
special cases, will be given in the subsequent chapters ; there 
will be discussed here, only such other points as apply to all 
machines, independently of the nature of their winding. 

The temporary coils may be wound on a shell of common 
tinned iron or of brass, and made to fit the magnet cores. 
They must all have the same number of windings, and had 
better be connecte<l in series, for if they are in parallel arc 
one is never sure, unless the resistances are exactly equal, 
that they have the same current, and it is difficult to get 
both the resistance and number of turns exactly the same in 
all. They should be wound to about the same depth as the 
finished magnets will probably be, in order to eliminate any 
difference in the mean distance from the wire to the iron. 
The size of the wire of these temporary coils depends upon 
the machine or battery which is at the disposal of the 
constructor to be used for the exciting current. If this 
exciting, machine gives a small current of high potential, use 
tolerably fine wire ; if it gives a low potential and a strong 
current, use thick wire. In all cases, it is best to make 
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a rough preliminary calculation for the size of this wire, 
80 as not to be baffled by the incapacity of the exciting 
machine. 

In the absence of an exciting machine or battery, the 
temporary coils may be supplied from the machine which is 
being tested, either by a shunt current from it into the coils, 
or by connecting them as series coils in the main circuit. 
In the former, a preliminary calcalation should be made for 
the size of the wire, in order that the temporary coils do not 
have too great a resistance to take the proper exciting 
current. An adjustable rheostat should be placed in series 
with these coils, to regulate the shunted current. In the 
second case, in which they are connected as series coils, the 
number of turns should be made sufficiently great to ensure 
the obtaining of the required magnetism. An adjustable 
rheostat should, in this case, be placed as a shunt to the 
magnet coils in order to vary and adjust the exciting 
current. In the first case, the armature must be credited 
with the current shunted o£f into the temporary coils, and in 
the second case the electromotive force of the machine must 
be measured at the poles of the armature and not at the 
poles of the machine, as there is a loss of potential in the 
magnets. 

There is, naturally, a practical limit to the magnetism 
which can be generated in the given cores and pole-pieces, 
owing to the fact that the iron becomes saturated. This 
limit ought, in practice, not to be exceeded, for if if is, the 
magnetism becomes expensive as regards the energy con- 
sumed. Some practical values are given by different 
authorities regarding this limit, but they should be used 
only as a guide. One of these is, to proportion the core of 
each magnet so that for every square centimetre of core there 
are about 110 ampere- windings in its coil, which is eqidva- 
lent to 710 ampere-windings per square inch of core. This 
is, probably, for round wrought-iron cores. The writer 
found in certain machines with cast-iron oval magnets, 37 
ampere-windings per square centimetre, or 240 per square 
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inch, to be about the safe and economical maxinmm. Of 
course, more than this could be taken, but it is not to be 
advised, for the magnetism then no longer increases in 
proportion to the ampere- windings. On the other hand, to 
assume much less than this, makes the machine uselessly 
heavy and large. 

This constant applies only to the more common forms 
of field magnet frames, such as the Weston or Edison, 
consisting of simple or compounded U shaped magnets 
with coils on each of the two arms. For some of the 
less frequently used forms of frames it will be approxi- 
mately some multiple of this, as will be seen from the 
following principles. Every part of a wire conveying a 
current in the coil of a magnet is encircled by lines of 
magnetic force, of which those that pass through the 
armature are rendered useful. In following the course of 
these lines — whose circuits are always closed, that is, they 
have no ends — it will be noticed that most of those gener- 
ated by one of the two magnets of, for instance, an Edison 
machine, must return through the core of the other magnet, 
or in other words, each coil tends to saturate both of the 
cores of the magnets. This may be more readily explained 
by the fact that the two magnets of an Edison machine are 
really the two parts of one and the same U magnet, or they 
niay be considered as one bar magnet bent at its middle 
to bring the two poles nearer together. In the same way a 
Weston machine may be said to consist of two such U mag- 
nets with their two north poles terminating in one piece 
and the two south poles in the other. This is also the case 
with the Brush, Jenney, Crompton, Siemens, Schuckert and 
many other machines with four magnet coils. The Thomson- 
Houston, Van Depoele, Hochhausen, and like types, may also 
be considered as magnetically equivalent to a pair of U mag^ 
nets with the coils wound around the two pole-pieces which 
the magnets have in common. The Mather type is quite 
different from these in this respect, as the entire U magnet 
is wound with but one coil. Another distinct type is 
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WINDING MAGNETS FOR DYNAMOS. 11 

found in the McTighe machine, in which the two U magnets 
contain each only one coil at what is frequently called 
the neutral part of the magnet. It might be compared to a 
Weston machine, in which the two coils of each of the U 
magnets are placed together as one, on the end pieces or 
supports, or so-called neutral parts of the two magnets. 

The constant above referred to would, therefore, be quite 
different for some of the less frequently used types of 
magnets, unless it is taken as expressing the number 
of ampere- windings on one whole U magnet (from pole to 
pole) divided by the cross section of the core of that magnet, 
or, in other words, if it expresses the allowable number of 
ampere-windings per square inch of core on one complete U 
magnet. If used in this sense it ought to be about the same 
for all types of magnets, and would evidently be twice 
as great as at first given, or about 500 for a Weston type of 
machine. If the constant, taken in the sense as first 
described, were 250 for the Weston type, it would, if other 
conditions were eliminated, be 250 in the Thomson-Houston 
typ6 and 500 in the Mather and McTighe types of magnet 
frames. 

As iron becomes saturated when a certain amount of 
magnetism passes through every square inch cross section, a 
better constant than the one just given, would be the 
number of lines of force which may be passed through every 
square inch cross section of core at saturation. This would 
overcome the objection to using the number of ampere- 
windings per square inch, as this is not the same for all 
sizes of coils, which is due to the fact that, when the 
cross section increases, the intensity of magnetisation 
diminishes for the same current. The constant may, how- 
ever, be safely used, if, as will be described, it is determined 
lor each case. It will be found preferable to the other one 
just suggested, as it simplifies calculations. 

The following figures may serve as a guide in deter- 
mining the sizes of the pole-pieces and the cores. Fleming* 

* ' Short Lectures to Electrical Artisans,' p. 18. 
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states that the greatest number of lines of force which a 
long bar of soft annealed iron can have is about 18,000 lines 
of force per square centimetre cross section : this is equiva- 
lent to about 116,000 per square inch. This agrees quite 
well with a figure given by Kapp,* for tlie maximum 
number of lines of force which can, with an unlimited 
magnetising power, be forced through a magnet core ; for 
field magnets of hammered scrap he states that this is 
18 units of 6000 lines each, per square inch, which is equal 
to 108,000 lines of force. Fleming states that in the 
best dynamos there are 6000 to 10,000 lines of force per 
square centimetre (equal to 88,600 and 64,600 per square 
inch), which we presume applies to the core and not 
to the field. In a number of the best Edison and Weston 
incandescent light machines, the writer found that the 
intensity of the field was from about 18,000 to 26,000 
useful lines of force per square inch.f 

As the magnetisation varies less with a varying magnetis- 
ing current, after the point of saturation is reached, some 
makers prefer to run their machines over-saturated, because 
then the current delivered by them is steadier for slight 
variations in the magnetising current ; in other words, the 
machine is less apt to change its electromotive force for slight 
changes in the external resistance. When they are over- 
saturated it is at the expense of the energy consumed by the 
magnets, and the point of saturation should therefore not be 
exceeded any more than is necessary to obtain this steadiness. 

The size of the core being given, the limit of the ampere- 
windings can easily be determined from the above-mentioned 
constant, and it should not be exceeded, at least not much, 
unless the iron is particularly good. As the economic den- 
sity of the magnetism, or the saturation limit, depends to 
such a great degree on the iron used, it is better, in all cases 
where the constructor has the opportunity, to find the proper 

* * Proceedings of the Society of Telegraphic Engineers,' November 
11th, 1886. 
t * Electrician and Electrical Engineer,' New York, November, 1886. 
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limit himself by the following .method : — ^Wlth the machine 
just as it is in the foregoing test, with temporary magnet 
coils, mn it at a very low speed, for instance, belting from 
the shaft directly ; run it on open circuit with a fixed posi- 
tion of the brushes at about the theoretical neutral line. 
Connect the brushes with a volt-meter, and excite the mag- 
nets as before with the current from another machine, 
beginning with a small current and increasing it as high as 
the wire will stand, measuring in each case the exciting 
current and the electromotive force at the poles. 

The electromotive force on open circuit is a direct repre- 
sentative of the magnetisation of the field, that is, the useful 
magnetism. The ampere-windings, that is, the exciting 
current multiplied by the number of windings in the coils, 
represent the cost of the energy to produce this magnetism. 
By plotting these values, a curve is obtained which repre- 
sents the relation between them, and which will show up to 
what degree the one rises proportionally to the other. In 
the accompanying diagram (Fig. 1) such a curve has been 
plotted, the values being taken from an actual case. 

The ordinates represent the ampere- win dings, and the 
abscissas the potential. From the curve a 6 it is seen that 
the useful magnetism, or its representative, the potential, 
rises nearly proportionally with the ampere-windings up to 
about 27,000 ampere -windings, at the point c, where it takes 
a decidedly different direction. This point is the limit at 
which the useful magnetism is economically obtained, and 
is, therefore, the limit to which the machine should be mag- 
netised. This is the point at which the magnets are satu- 
rated. Dividing this quantity of magnetism, or this number 
of ampere-turns, by the sum of the areas of cross section of 
all the magnet cores, gives the constant above referred to, 
that is, the maximum allowable density of the magnetism 
just before saturation. In this special case there were four 
magnets, each with a cross section of 181 square centimetrtis, 
giving, therefore, thirty-seven ampere- windings per square 
centimetre, or 240 per square inch. 
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The distance o a shows the remnant magnetism, while the 
part of the curve c h shows the increase of magnetism duo to 
the coil itself, after the iron is saturated. 
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Diagram of Magnetic Saturation. 

This diagram also shows a very important point to be 
noticed in building compound machines, to be referred to 
later. 

The speed at which the machine must be run for this test 
depends, of course, on the range of the volt-meter at one's 
disposal. It should be so chosen, that the values for the 
potential are inside of the range of the instrument, which 
can be determined by trial. A high resistance in series may 
be used to reduce the values to the range of the instrument, 
provided no appreciable current is allowed to flow, as that 
would, by shifting the diameter of commutation, change the 

results. 

Although it may hardly seem credible, yet the case has 
actually occurred in quite a large factory, that magnets 
were re-wound because the *' direction " of the winding of 
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the coils was not the right one. It may, therefore, not be 
out of place here to remark that it is evidently qnite imma- 
terial in which direction the magnet coils are wound, as 
they can in all cases be connected correctly with each other 
and with the poles of the machine. • It is evident that there 
is one right way and one wrong way, and if a certain con- 
nection is wrong it is evidently only necessary to reverse th» 
connections of the two ends of that wire to make it right. 
The only advantage in winding in a certain definite direc- 
tion is that the connections may then be as short as possible 
and have a better appearance. 

It is always advisable in making the test for determining 
the proper ampere-windings, to examine the pole-pieces as 
regards their polarity, with a compass needle (being careful 
not to reverse the polarity of the needle in doing so), and to 
note it, in order that the coils of the finished machine may 
be connected so as to have that same polarity. Also find 
which is the positive and which the negt^tive brush in the 
test, so that the compound connections may be made cor- 
rectly before the machine runs, as much time can thereby 
be saved. It is evident that with certain connections of the 
magnets with the brushes, the machine will give absolutely 
no current. 



CHAPTEK III. 

Shunt Machines. 



In a shunt-wound machine the armature must supply the 
sum of the currents in the external circuit and in the shunt 
magnets. It is therefore necessary, before testing for the 
ampere-windings, to determine approximately what this 
shunt circuit current should be. In large machines it may 
be taken abuut 1*5 to 2*5 per cent, of the current in the 
external circuit, and in small machines fi)r from 10 to 20 
incandescent lamps, or their equivalent, it will have to be 
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taken as high as 10 per cent., and even higher, in order not 
to make the cost of the wire tod great. Having determined 
this, approximately only, the ampere- windings of the machine 
are determined as above described, while the armature gives 
the current required for the lamps in addition to that which 
will be required by the shunt magnets. Let (a W) repre- 
sent the magnetism in ampere-windings obtained in the test 
under these conditions. 

It is evident that the size of the wire to be used for the 
magnets depends upon various quantities and conditions. 
For instance, it must not be too small, or the current will 
heat it t*x) much. It must be large enough, in order that 
the total resistance of the coils be not too great to take its 
proper current as shunt to the machine. It must n< »t be so 
large that it takes up more space than is allowed for the 
coils. It must not be so small that after heating, its resist- 
ance becomes too high to take its proper current. It must 
be so large that its resistance is such as to enable an adjust- 
able rheostat to be placed in series with it, to regulate the 
machine for varying service. 

From* this it will be seen that it might require a very 
lengthy and tedious calculation to endeavour to determine 
the proper diameter directly from the ampere-windings, by 
trying different values for the current and coixesponding 
number of ampere- windings, and calculating the resistance and 
size of the coils for each case, to see which wire is correct. 

In order to take into consideration all these factors, and at 
the same time to simplify the calculations, the writer has 
deduced the following formulae, which may be used to deter- 
mine, by a single calculation and with certainty, what 
diameter will meet these conditions, thereby facilitating 
calculations very much, as it eliminates the element of 
guessing. 

Let (a W) represent the ampere- windings obtained in the 
test, 

a = current in the shunt magnets of the finished 
machine, 
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W = total number of windings or turns on all the magnets 
of the finished machine, 

R = total resistance of the magnet coils of the finished 
machine, in legal ohms, 

V = potential at the poles of the finished machine in 
volts, 

d = diameter of the bare wire in mils (thousandths of 
an inch), 

l„ = mean length of one winding in inches, 

I = length, in inches, of one winding of the lowest layer, 
which is about the same as the periphery of the core. 

It is evident that the resistance is proportional to the 
total length, WZ„, and inversely as the square of the 

diameter, and is equal to 

WZ 

R = 50-13 ^tf, 

in which $ is the specific resistance, that is, the resistance 
in Legal ohms of one metre of copper wire of 1 square 
millimetre cross section, at 0^0.; the constant 60 'IS 
contains the reduction factors. 
By Ohm's law 



a 



therefore 



from which 



Y = 50.13 ^^ 

from which the diameter can be calculated directly from the 
ampere-windings (a W) and the potential, if the mean 
length of one winding is known. 

The value of this mean length can be determined from 
the inside length Z, if the thickness of the coil is known. 
But this thickness again depends on the number of ampere- 
windings, the resistance of the wire, and the thickness of 
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the insulation, It is possible to determine relations between 
all these and introduce them into this formula, thereby 
eliminating the unknown factor Z„, but this will be found 
to make the formula so complicated that it becomes practi- 
cally too troublesome to use. 

In actual practice so many factors enter, which are either 
inexact or limited to certain values, that an exact calculation 
has little value. For instance, the copper may have, and 
probably has, a different specific resistance than any figure 
which one might assume. An almoht iuHppreciably larger 
or smaller diameter changes the resistance materially; so 
also the temperature to which it ia raised; the sizes of 
wire are limited to certain fixed numbers, and the insulation 
has not always the assumed thickness. For these reasons, 
the following approximate method of using this formula 
will be found to be practically safe and correct, while it is 
at the same time* much simpler. 

The thickness or depth of the coil is practically limited ; 
if it is too thin, there is more iron in the core than is 
necessary, or the magnets are too long, or both; if too 
thick, the magnets are probably over-saturated or too short, 
or both. Some of the older authorities say that the thick- 
ness of the coil and core can be made equal. In actual 
experience, however, it is found that this is far too thick 
for machine magnet coils, as it makes the cost of both wire 
and energy consumed in the mj9.gnets much greater than 
it ought to be. A better figure, obtained by the writer 
from actual practice, is, for a flat oval magnet, a maximum 
limit of about oncrthird the thickness of the core for cast- 
iron, or about one-half the diameter of the core if it is 
circular. This will be found to be paore reliable in actual 
practice for machine magnets being based on real results, 
as distinguished from theoretical deductions. 

The thickness being therefore limited to a comparatively 
small range, it is quite safe to calculate the mean length of 
a winding from this assumed thickness of coil, for it will 
be found that this mean length will vary very little for any 
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possible variation in the thickness. For instance, in au 
actual case of an oval magnet, diminishing the thicknesj* 
of the coil as much as 50 per cent, decreased the mean 
length of one winding only 7 per cent. 

Assuming, therefore, a certain approximate thickness of 
coil, and having given the periphery of the core, the menn 
length may readily be calculated as follows : — For an oval 
magnet, not too flat, the lengths of the inside and outside 
layers are in the proportion : 

a + h 

a + h + 4c' 

in which a and 6 are the length and breadth of the ovhI 
cross section of the core, and c the assumed thickness or 
depth of the coil. 

This gives for the mean length of a winding 

^« - ^ + a + 6' 

I being the periphery of the core in inches. For a circular 

magnet in which, the core has a diameter D, the mean length 

is evidently 

Z. = ,r(D + c). 

If it is found after completing the experiments and cal- 
culations, that the assumed thickncbs of coil is much too 
small, then it is preferable to lengthen the magnet cores so 
as to reduce this thickness of poll, provided the magnet 
cores are not over-saturated, that is, that the cross section of 
the core is not too small. 

On the other hand, if it is found that the necessary thick- 
ness of coil is much smaller than the assumed, it shows that 
the magnets are probably too long. 

Having now determined this mean length for an assumed 
thickness of coil, the diameter of the wire can be calculated 
directly from the formula 



d = ^50.13 (^f'-^ 



C 



c 2 
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withoTit having first to determine what current and what 
number of windings to take, as the known quantity (a W) 
enters directly into the formula. 

From what has been said above, some allowance, or factor 
of safety, must be taken for the resistance, in order that 
when the coil is wound, it is not found that the resistance is 
a little too high to take its proper current. An allowance 
should also be made for introducing an adjustable resistance 
by which the machine may be regulated. The factor of self- 
induction may also enter, and will have the effect of ap- 
parently increasing the resistance, depending upon the 
degree of pulsation of the current, or, what is the same thing, 
on the number of commutat<;r strips. In order to make 
allowances for all these factors, and to introduce them into 
the formula, it is necessary merely to diminish the value of 
the potential' V in the formula acc(>rdingly. For ordinary 
cases, 10 to 15 per cent, may be allowed, but it is safer to 
take 20 per ctnt., and even 25 per cent., if considerable 
variation in the adjustable resistance is to be allowed for. 
Assuming 20 per cent., it is necessary merely to multiply 
the potential V by • 80, and introduce this directly into the 
formula in place of V. 

Assuming for ordinary good copper wire a specific resist- 
ance equal to 0*0162 at 0° C, the formula becomes, assum- 
ing a temperature of about 70° Fahr., 



a=^ -su^Amh 



in which <2 is in mils (thousandths of an inch) and l^ in 
inches. 

If this should give a value which is too small, so as to be im- 
practical, it shows that either the length l„ is too short, that 
is, the cross section of the magnet too small, or that the num- 
ber of ampere-windings is very small, or that the potential 
is high for the required ampere-windings. In the last two 
cases it is necessary merely to take a larger diameter 
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of wire and to odd external resistance in the magnet 
circuit. 

If the formula should give a very large diameter, it shows 
that either the magnet cores or the ampere- windings are 
too large, or that the potential is very small for the required 
ampere-windings. If the magnets are already saturated, 
and therefore cannot be made smaller, then it shows that 
the machine is overworked, unless it happens to be a machine 
of low potential and great current, such as a plating machine, 
in which case a large value for d is quite correct. 

Having determined d, it is evident that any current a 

could now be assumed, and the corresponding number of 

(a W) 
ampere-windings made equal to ^^ -, which would, in all 

CL 

cases, give the proper ampere-windings and the proper re- 
sistance. But there are practical limits, which are quite 
narrow in most cases, on account of the assumed mean 
length l^ or the thickness c of the coil. It is neces- 
sary to be limited to this value of Z^, to a certain extent at 
least, in order that the resistance may not differ too much 
from what it should be. 

The method to pursue, therefore, is as follows: — Assume 
a certain current a, for a large machine about 1 * 5 to 2 * 5 per 
cent, of the total current, and for a small machine as high as 
10 per cent., and by dividing it into the ampere- windings, 
to obtain the number of turns, calculate the space occupied 
by the coil (remembering to use the outside diameter of the 
insulated wire), and see how near the thickness corresponds 
to the assumed value c. If this thickness is found to be 
much greater, it shows that either the machine is over- 
worked and that the magnet current will therefore have to 
be taken greater to diminish the number of windings, or 
else it shows that the magnet cores are too short, and should 
be lengthened, provided they are not over-saturated. If, on 
the other hand, this calculated thickness c is found to bo 
much smaller, it shows that either the machine could be run 
more economically, if necessary, if a smaller current be used 
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at the expense of an increased cost of the ^vire, or that the 
magnets may advantageously be shortened, provided they 
are not over-saturated. 

« 

To determine directly what the current and what the 
number of windings must be for the assumed thickness c of 
a coil, calculate the diameter of the bare wire from the for- 
mula, take the nearest gauge-number wire, and measure its 
diameter with the insulation, which is best done by winding, 
closely, ten turns around a pencil or bolt, and measuring the 
length of this little coil in inches ; this multiplied by 100 
gives the diameter of the covered wire in mils. Call this d^. 
If the length of the core or of the space allowed for one 
magnet coil be represented by e in inches, and the number 
of magnet coils on the machine by n, then it is evident that 
the number of turns per layer for one magnet will be 

1000 e 
d, 

while the number of layers will be 

1000 c 
d, 

W 

and the number of turns per magnet — will be their pro- 

duct, that is, 

W ^ ^^^ ^^^ e c 
-- = 1,000,000 ;=-2, 

thus enabling one to calculate W directly, and consequently 
to determine a from (a W), as it is evident that 

If this current a is found to be very small, it might be 
more advantageous to use a stronger current with less turns 
of wire, and therefore less thickness of coil, in that way 
decreasing the cost of the magnet wire, it being no small 
portion of the cost of the material for the machine^ 
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If for a large macliine the field current is found to be 
pmaller than 1*5 to 2*5 per cent, of the whole armature cur- 
rent, it shows that the machine has not the most economical 
proportions, and that, if an incandescent light machine, the 
same franie may be used, with an armature having thicker 
wire and less turns, and therefore capable of supplying more 
lamps ; or if an arc light machine, the same frame and arma- 
ture may be used to give a higher potential at the same 
speed, thus supplying more lamps. In general, it shows 
that the frame is larger than is nece^sary. 

After finding what the current a is, it is advisable to calcu- 
late what current per square mil this will give with the 
ascertained diameter d, in order to guard against heating. 
In large magnets it should not be more than *0013 to '0015 
amperes per square mil, which is equal to about 750 to 650 
square mils per ampere. If it is found to give a greater den- 
sity of current than this, it is safest either to take a smaller 
current and more turns, or to increase the diameter slightly. 
In many cases it will be found that the diameter obtained 
from the formula (in which it depends- on the allowable 
resistance) will be larger than that which would be obtained 
if it were calculated not to heat too much ; but it is always ' 
safest to calculate both and take the largest. 

If the curr«dnt a is found to be a large proportion of the 
total current, or if for the calculated diameter it is foilnd 
that it will heat too much, then the machine is overworked 
and ought to be used for doing less work, either by using 
the same armature and making the machine generate less 
electromotive force, or by taking a different armature with 
more turns of smaller wire in it, thus giving the same 
electromotive force but less current. 

Owing to the fact that in most cases some insulating 
material, such as card-board or thick paper, is placed 
between some of the layers to insure an evenness in the 
winding, the real thickness of the coil will be greater than 
that assumed in the calculation, and, therefore, the meaii 
length and resistance will be slightly differeint, but this 
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error will in most cases be covered by the factor of safety of 
20 per cent, in the allowable resistance. 

For the sake of appearances the last or outside layer is always 
wound full, thus limiting the number of windings to certain 
successive numloers which are multiples of the windings in 
one layer. In general, however, if the number of turns be 
increased slightly, the resistance will thereby increase, and, 
therefore, the current decreased, but the product of the 
current into the number of turns will remain approximately 
the same. 

If after the magnets are fully wound and the finished 
machine tested, it is found that owing to some small error 
it gives a slightly lower or higher potential, the speed may 
be varied to compensate for tbitt. 

Having made all the calculations for the magnets of the 
finished machine, it is best to check them finally by 
calculating the resistance from the following formula : 

or if as before is taken 0'0162, and the temperature is 
assumed to be 70° P., 

B = .875 -^ = -4^5^. 

in which d is in mils, and l^ is the corrected mean length of 
a winding in inches. 

From Ohm's law 

Y 

in which E^ is the total resistance of the shunt circuit, 
including the adjustment resistance. The value which this 
adjustable resistance may have, is evidently 

Rj — K. 

If this is found to be a negative quantity, that is, if R is 
greater than Bi, there has evidently been a mistake made in 
^pme of the previous calculations. 
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If the calculated value of B is found to be too great, 
owing to the fact that the gauge-number of wire taken was 
a little smaller than the value given by the formula, then it 
is quite safe to take the next size larger and keep about 
the same number of windings, or else to modify the num* 
ber of windings accordingly, and then calculate K again as 
a check. It is quite safe to take a slightly larger diameter 
of wire and the same number of windings without any 
fear of increasing the resistance, for, from the formula for 
E, it will be seen that it increases only slightly with an 
increased value for Z., but decreases much more rapidly for 
a larger value of d. 

If it is desired to regulate the machine for supplying the 
same potential to less lamps, by adjusting the resistance 
included in the magnet circuit, it is evident that it is only 
necessary to increase this resistance the proper amount, 
which can be done after the machine is finished, as it will 
change nothing in the preceding calculations. 

If the machine is for arc lights in series, and it is desired, 
to be able to regulate it to supply le&s lamps, it will be 
necessary to make the test for the maximum, minimum, 
and mean number of lamps, and then to make the resistance 
of the wire so low that in either case it is not too high to 
take its proper current, as required by its ampere-windings 
for that particular potential. 

Finally the total length of the wire, in feet, for all the 
magnets may be calculated from the formulae 

L = ^"'= -0833 WZ«. 
12 

To illustrate the calculation of shunt magnet coils by 
the above described method, let us assume that a certain 
machine with a given cylindrical armature and a frame 
with four cast-iron oval magnets, is required to supply 100 
lamps of *7 amperes each, that is, 70 amperes, and 100 
volts. The speed is to be 1200 revolutions. 

Upon running the machine with four temporary magnet 
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coils of 250 turns eaoli, it was found to require an exciting 
current of 40 amperes to induce in the armature 100 volts, 
and a current of 70 -f- 2*5 per cent, of 70, which is equal to 
about 72 ampere. This gives 250 x 4 X 40 = 40,000 = 
(a W), a measure of the magnetism. 

The dimensions of the oval cross section of the magnet 
cores were 9 inches by 3 inches. In order to determine 
the mean length of a winding, assume temporarily a maxi- 
mum thickness of coil, one-third of 3, or 1 inch. The 
periphery of the core was measured and found to be 20 
inches* This gives a mean length of one winding. 

l„ = l+ -^^ = 23-3 inches ; 
a + 

therefore from the formula 



. . ^ -.8,. <l|)i- 



assuming a factor of safety of 20 per cent., that is, taking V 
equal to 80 volts instead of 100, the value of d is 

d = 102 mils, 

which is approximately equal to a No. 10 wire B. & S. (or 
about a No. 12^ B.W.G.) 

Suppose this has an outside diameter of 125 mils. From 
the formula given above, the length of the core being 
10 inches, there will be 80 windings per layer on each 
magnet, and 8 layers and, therefore, 640 x 4 = 2560 

windings in all. This gives -^^ =15-6 amperes in the 

coils. This very large current, which is 22 per cent, of the 
current in the external circuit, shows that the machine is 
very much overrated, and that it would not be economical 
and even hardly possible, to finish the machine for 70 amperes 
and 100 volts. The heating would also be too great, as 
15-6 amperes in* a No. 10 B. & S. wire is -0019 aniperes 
per square mil, which is too great. Furthermore the core is 
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more than saturated, for its area of cross section is about 
21 square inches, which gives for 10,000 ampere-windings per 
magnet, 475 per square inch, which, as compared with the 
constant 240, is far too great. Suppose the curve of magr 
netisation was found by the test to be a d Fig. 1, it will be 
seen that at 40,000 a W the magnets are very much over-satu« 
rated. This curve would have been sufficient, in practice^ 
without the above calculation, to show that the machine waa 
overrated, but for the sake of illustration, the calculations 
were also made. 

From these figures, and from what was said above, it will 
be seen that the cores would have to be altered in order to 
use these magnets with this armature. As they are over- 
saturated, they will have to be increased in cross section. 
For a proper percentage of current in the magnets, the liarge 
number of windings necessary would make the thickness c 
of the coil much larger than it ought to be, from which it 
follows that the new magnets must also be made longer. In 
Other Words, these magnets have shown themselves to be 
xnuch too small for that armature, or else the armature has 
too few windings on it for these magnets. 

The same machine was then run with another arma-r 
ture, which has more turns of thinner wire^ the size of the 
wire being such as to stand a current for 70 lamps. Another 
armature might have been made with the same size of wirei 
but with more layers, thus supplying about the same 
number of lamps ; but this increases th^ percentage of loss 
of energy in the armature; it also increases the lead of 
the brushes, the self-induction, and sparking. 

Suppose the test with the new armature gave 18,000 
ampere- windings ; then the following values would be; ob» 
tained directly from the formulea : 

d^ 67-8 mils = about No. 14 B. & S. 
(or about No. 16 B.W.G.) 
(c?i = about 88 mils.) 
W = 110 X 11 X 4 = 4840. 
a = 3* 7 amp5res. 
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The density of current in the wire would be '00115 
amperes per square mil, and therefore, as compared with the 
constant given above, it is safe against heating too much. 
The density of magnetism in the cores would be 214 ampere- 
windings per square inch, which is inside of the limit. The 
curve of magnetism, which will naturally be the same as 
before (except that it has a different scale for the abscissas 
or volts, which does not affect the saturation), shows that for 
18,000 ampere-windings the magnets are not quite satu- 
rated. 

The resistance will be 

W I 

E = -875^5-^ = 24 ohms, 

leaving for an adjustable resistance, 

V 

E = 27 - 24 = 3 ohms. 

a 

The reason why this is so small is, because the resistance 
of the coils is slightly greater than required by the formula, 
it being 24 ohms, which is due to the fact that the smaller 
size wire, No. 14, was selected, which is 6408 mils 
diameter, that being the nearest to the calculated value of ef» 
namely 67*8. If the next size larger than 67*8 mils is 
taken, that is. No. 13, the resistance would be much less, but 
at the same time the current a would be greater, as there^ 
would then be less turns for the same allowable thickness of 
coiL 

If this adjustable resistance of 3 ohms is thought to be 
too small to admit of the proper regulation or adjustment, 
the speed may be increased a little, or the next size larger 
wire. No. 13, might be taken. 

As the density of magnetism in the core is shown to be 
214 ampere-windings per square inch, it will be seen that in 
a second machine of the same type, the cross-section of the 
magnet cores may be decreased slightly, thereby diminish- 
ing l^y which decreases d; this in turn increases K and 
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decreases a, thus diminishing the cost of the wire and the 
cost of the energy to supply the magnets. The cross section 
of the magnets may be decreased to such an extent as to 
bring the density of magnetism up to the saturation point, 
as given by the curve. 

I'he constant 214 also shows that the same machine may 
be run at a less speed, or it may be used to give a higher 
potential, or that the same frame may be used with an arma-^ 
ture having a few turns less and slightly thicker wire, thus 
supplying more lamps. 

As the density of the current in the wire is below •0013, 
the first coiit of the machine may be diminished at the 
expense of the efficiency, by taking more current in the 
magnets, and less windings, and therefore less wire. 

By a similar course it will often be found, from the 
results of such a test and the deductions made from it, 
that certain improvements can be advantageously made in 
the machine* 



OHAPTEE IV. 

Series Machines. 



The calculations of the windings for series machine magnets 

will be much simpler than those for shunt machines, for 

having given the number of ampere-windings and the 

amperes, there is no alternative but to make the number 

(a W) 

of windings ^^ -. A few hints, however, in regard to 

a 

the details may lead to a better proportioning of the parts, 

and to results which, under the conditions, are .the best 

possible. 

It is evident that in series machines there is a loss of 

potential as the current passes through the magnet coils. 

The current being the same in the whole circuit, the loss of 
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potential will repreeent the proportion of power lost in thd 
magnets. This, as with the current in the shunt machine, 
may be taken at 1*5 to 2*5 per cent, of the total, for large 
jnachines, and 10 per cent., or even more, for small or cheap 
machines. 

Proceed with the test for determining the ampere-wind- 
ings in the same manner as described for shunt- machines, 
except that in this test the field magnets should be excited 
until the desired current delivered by the machine has the 
required potential in additi«>n to that which will ultimately 
be used up in the magnets, that is, the required potential for 
the lamps and leads, plus 1*5 to 2*5 per cent, of this poten- 
tial, the current strength remaining the same. Call the 
number of ampere- winding thus determined (a W). 

Continue the test to determine the curve of magnetism in 
the same way as before, in order to see whether the machine 
is properly proportioned, and if not, how to find its proper 
proportions; also to see whether the machine can be used 
for supplying more lamps or whether it is overworked. 

Having given (c^ W), and as the whole current passes 
around the magnets, the number of windings will be 

a 

It remains now to find what the diameter of the wire must 
be in order that the loss of potential in the coils shall not 
exceed the allowable amount and that the coils may be wound 
full, for the sake of appearance. It should also be sufficiently 
large that it will not heat too much. 

The resistance of the coils will be, as stated in considering 

shunt machines, 

W L ^ 
E = 50-13 " 

in which, 

K is the sum of the resistances of all the magnets, iU 
legal ohms ; 

W, the total number of windings on all the magnets, when 
finished ; 
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Z„, the average leligth of one winding, in inclies t 
d, the (Uameter of bare wire in mils ; 
$, the specific resistance (metric) at the allowable tem- 
perature of the magnet coils. 

The current being a, and letting the allowable fall of 
potential in volts be represented by t?, the resistance will 
also be, from Ohm's law, 

a 

Combining those two and finding the value of the dia- 
meter, gives as before 



d = ^ 



50-13 (g W)L$ 

V 



with this difference, that v represents the allowable loss of 
potential in the magnets, and not the potential at the poles 
of the machine as in the case of the shunt magnets. 

In regard to the mean length Z„ for an assumed thickness 
C of a coil, the same that was said for shunt machines applies 
to series machines as well. 

The precautions required for calculating the proper dia- 
meter d for shunt machines, in order that the resistance shall 
not be too great to take the current, are evidently not nec<-s- 
sary in this case, as the whole current is compelled to go 
through the magnet coils. If the resistance should be a, 
little too high, it will only reduce the efficiency of the 
machine, but will not prevent its working, as it would in 
case of shunt machines. The factor of safety referred to in 
calculating shunt magnets may therefore either be safely 
omitted, or may be taken smaller than before. The latter is 
preferable, as it is always more satisfactory to the constructor 
to find the final results to be inside of the limit placed than 
beyond it. 

The factor of self-induction in the coils, which acts to 
apparently increase their resistance, is probably the most 
important to allow for in this factor of safety. It is not 
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possible to say how much should be allowed for this, as it 
depends on so many quantities, such as the number of wind- 
ings, the number of coils on the armature, the speed of rota- 
tion, the current in the coils and the nature of the iron. Por 
ordinary machines 6 to 10 per cent, will probably be a suffi- 
cient factor of safety to cover all these. Therefore, instead 
of introducing the value of v directly into the formula, sub- 
stitute for it 95 to 90 per cent, of v. 

Taking, as before, the value of ^ equal to '0162, and as- 
suming a temperature of 70*^ F., the formula becomes 



d=^y 



•875(a W)Z^ 



in which (2 is in mils, l„ in inches, and v the allowable loss 
of potential in volts, which should first be reduced as de- 
scribed above, to include the factor of safety. 

But this may give a diameter which is so small that the 
wire will heat, which will in general be the case if the mag- 
nets or the ampere-windings are small, or if the allowable 
fall of potential is large. In such cases, the diameter will 
have to be determined by the heating effect, and not by the 
allowable resistance. It is necessary, therefore, to calculate 
the proper diameter not only from the above formula, but 
also from the heating effect, and then take the larger value 
of the two. To guard against heating it is safe to take as a 
maximum about '001 to '0013 ampere per square mil of 
cross section of wire, which is equal to about 1000 to 1300 
amperes per square inch. This, as will be noticed, is smaller 
than that given for shunt machines, for in the latter the 
wire, presenting more surface, will cool off more rapidly. 
For large, compactly- wound magnets, however, the difference 
in cooling of large and small wires will not be great, so that 
both this constant and the other may be varied slightly. 

Having found the two values of d, and chosen the largest, 
take the nearest gauge number or size, to this value, and 
find its diameter d^ outside of the insulation. Having given 
the number of magnets and the length of one magnet core e, 
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the number of windings per layer can then be calculated 
from the formula 

1000 e 

in which e is the length of a core in inches, and dj^ the 
external diameter of the wire in mils. 

The number of layers in this case must be calculated from 
the number of windings, and not, as in th^ shunt machine, 
from the allowable thickness of coil c, for in, series magnets 
the value of W is determined at the outset by the current a, 
and the ampere-turns (a W), and there is no deviation 
from it. 

The thickness c must therefore be calculated from W as 
follows: Let n be the number of magnets, then the turns 

W ' 

per magnet will be — , and the number of layers will be 



n 



W d^ 



n ^ 1000 e' 

from which the thickness c can be readily calculated by 
multiplying this by d^ and reducing to inches. It can be 
calculated directly from the formula — 

c = 



1,000,000 e n ' 

If this is found to be about the same thickness as that 
which was assumeil, then (provided the wire does not heat, 
and the magnets are not over-saturated), the machine is 
properly proportioned, and there remains only to calculate 
the resistance or fall of potential as a check, and perhaps to 
alter some parts slightly for the sake of the appearance of 
the magnets, tbat is, that they may be wound full. This 
will be described later. 

If this calculated value of the thickness c is found to be 
much smaller than the assumed thickuesei, and if it is found 
from the magnetism curve, as described in Chapter II., that 
the magnets are not over-saturated, then it shows that the 

D 
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magnetd are too long, and they may be advantageonfily 
shortened. The cores may be shortened to snoh an extent 
that for the same ampere-turns and diameter of wire, the 
thickness of coil c is about that which was above assumed ; 
that is, the length e of a magnet in inches, may be made 

^ " 1,000,000. nc* 

If, on the other hand, the thickness of the coils found 
from the formula is much larger, and the magnets are not 
over-saturated, it shows that the magnet cores are too short, 
and that they should be lengthened to the amount required 
by the formula just given. 

If the magnets are very much over-saturated, it remains 
only to use the machine uneconomically, or to use it for less 
lamps, or to increase the size of the core so that from the 
magnetic curve the magnets are found to be just saturated. 
For instance, from the magnetic curve find at what point, 
that is, for what ampere- windings, the magnets are saturated. 
Divide this by the number of magnets, and then by the 
cross-section of a core in square inches ; this gives the 
saturation co-efficient, or the allowable ampere-windings per 
square inch of magnet core, for that shape of core and for 
that quality of iron. Having determined this constant, it 
is easy to calculate what the size of core shoald be in order 
not to be over-saturated for that number of ampere-turns 
which this particular machine requires. If m is this allow- 
able density of magnetism, the required cross-section in 

inches should be ^ -. 

m n 

This formula must, however, be used only for a slight 

increase or decrease of the size of the core, as it is only 

approximately correct, and it may, for an increase in the 

size of the core, be safely taken a trifle smaller, because, 

when the core is increased in cross-section, it will no longer 

take the same number of ampere-windings to produce the 

same amount of magnetism than when over-saturated as it was 

in determining the ampere-turns. It will then also require 



WINDING MAGNETS FOR DYNAMOS. 35 

less ampere-windings to generate the same magnetism, for 
the reason that the same current parsing through a coil with 
a larger core, but with the same ampere-turns, will produce 
more magnetism in the proportion of its linear dimensions, 
and therefore will require less ampere-windings to produce' 
the same magnetism. This can be demonstrated as follows : 
In a single winding, the intensity of magnetism produced 
by a certain current is less in proportion as the diameter is 
increased, that is, for twice the diameter it is half as great ; 
but the total magnetism is proportional to the product of 
the intensity and the area, and is, therefore, proportional to 
the linear dimension, because the area increases as the square 
of the diameter and the intensity inversely as the diameter ; 
therefore, the total number of lines of force will indrease as 
the diameter. For instance, if the diameter of a coil is 
doubled, the intensity will be halved, but as the area in- 
closed is four times as large, the total magnetism, being the 
intensity multiplied by the area, is twice as great. 

For this reason, and because there will be less ampere- 
turns required in the new cores when they are not over- 
saturated, it will be better, when the increase is compara- 
tively great, to determine the new cross-section more 
accurately, than by the first method, by proceeding as 
follows : 

In the curve of magnetism a 6 in Fig. 2, below the satu< 
ration point d, continue the part a d with about the same 
rate of curvature, beyond the point d, where it takes a 
decidedly different direction. This will then be approxi- 
mately the curve which the machine would h^ve if the 
magnets were not saturated, but at the same time, if the 
area of core were the same. Through this new curve drop 
a perpendicular h e (representing the magnetisation) on to 
the line o e, through the point h at which the machine was 
tested for the ampere-windings required for full load, then 
the point c, where this line intersects the new curve, will 
give the ampere-windings represented by c e, which would 
be required on the new machine to produce the same mag* 

D 2 
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netfeation if the cores were not over-saturated, and if they 
were of the same size. Call this number of ampere-turns 
(a W) as represented by the length of the line c e ; call the 



Fig. 2. 




distance d /, (a W"), and let the number of ampere- 
windings required for the new machine with larger cores be 
(a W) ; then 

(a W) = ^ (a WO 2 (a W"J] 

*hus giving the required number of ampere- windings 
directly. This formula gives the number of ampere- windings 
\vhich will be required by a larger core, to generate the same 
total number of lines of force, at the same allowable density 
of magnetisation (or co-efficient of saturation), and takes into 
account the fact, that, the larger the area of the core the less 
will be the number of ampere- win ding's required to generate 
tlie same number of lines of force. The application of the 
formula will be illustrated below by an example. 

Having ascertained the number of ampere-windings, find 
the new cross-section of core, by dividing this by the number 
of magnets and by the co-efficient of saturation obtained from 
(a W") and from the area of the old cores. 

If the cores in the original machine are found to be very 
far from being saturated, the magnets are unnecessarily large 
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in cross-section, and they may be decreased similarly as 
above described for an increase. 

Having determined the proper cross-section of the magnet 
cores for the new machine, calculate from the new number 
of ampere- windings (a W) what the diameter of wire should 
be, and from this as before, the thickness c. This will then 
be the thickness required when the new magnets are just 
saturated, and if this is much larger or smaller than the new 
assumed thickness, it shows that the magnet cores are too 
short or too long, as above described. The new length may 
be determined directly, without first calculatiug c, by the 
formula previously given. 

If the curve of magnetisation is found to be a regularly 
curving line without an abrupt change of curvature, it shows 
that either the iron is very hard, or that it is not well dis- 
tributed in the frame, or in other words, that the saturation 
point is not reached in all the iron parts at the same degree 
of magnetisation, but that at some parts the iron is too small 
in cross-section, and therefore saturates sooner than in other 
parts. Throughout the machine all the parts of the com- 
plete circuit of the lines of force should have the same 
degree of magnetisation, if they have not, then some parts 
are too large or others too small. If the iron is soft and 
the curve does not show one decided point of saturation, 
there are no doubt some wrong piroportions in the sizes 
of the iron masses. There is no objection to having too 
much iron at any point, except that it maki s the machine 
uselessly heavy, and therefore it is not of the most eco- 
nomical proportions. 

If the curve shows no decided point of saturation and it 
cannot be discovered where the weak point in the magnetic 
circuit lies, then the magnetisation may be continued up to 
what seems from the curve to be the limit of economical 
magnetism, or for cast-iron oval magnets, up to about 240 to 
250 amp^re-tums per square inch of core. 

Having found, as described, that the cores are not too large 
OF too small, and having calculated the proper value of the 
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diameter of the wire from the allowable fall of potential and 
the ampere-turns, and having also guarded against heating, 
there remains only to provide that the last layer may be 
wound full, for the sake of appearance. This may be done 
in the case in which there are only a few turns more or less 
than what would be required to naake it full, by simply 
winding it full and varying the speed slightly to compensate 
for this, if necessary. If, however, this difference is com- 
paratively great, it is best to proceed as follows : Calculate 
the number of turns which would come on the last incom- 
plete layer, wind this number of turns on the next to the last 
layer, filling up the remaining space with cardboard or 
something similar, to the thickness of one layer, and then 
wind the last layer full over all. It may also be done by 
winding the odd number of turns in a coarse or open spiral 
in the next to the last layer, and then cover this with a sheet 
of stiff cardboard, over which the last layer may be wound 
full. This, however, is not as good as the first method, as 
the cardboard, if not very stiff, is apt to cave in. 

Having made all the necessary calculations for the dia- 
meter of the wire, it is best to check the result by ascertain- 
ing the loss of potential for the wire selected, and to compare 
this with the allowable loss. To do this, calculate the cor- 
rected mean length of one winding Z„, in inches. The 
resistance will then be : 

50-13 Wl„^ 



E = 



d^ 



then from Ohm's law and from this equation, the fall of 
potential in the whole magnet ciicuit will be : 

60 • 13 (a W), L 



V = 



d2 



which for 6 = 0-0162 and a temperature of 70° Fahr. be- 
comes : 

^ " d' " 4d^ 
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in which d is in mils and Z„ is the corrected mean length of 
one winding in inches. 

If this gives a value much higher than that which was 
allowed, owing to the fact that the smaller gauge number 
wire nearest to the theoretical value obtained by the formula 
was taken, then if the difference is too great to be admis- 
siblej the next size larger may safely be taken without 
necessitating any other change in dimensions. 

When the machine is completed and is run on its proper 
circuit, if it is desired to make the final accurate adjustment, 
it is only necessary to increase or diminish the speed by a 
few turns. This may be calculated from the final test by 
taking the speed proportional to the potential, provided the 
current strength was correct. If both the current and poten- 
tial are slightly incorrect, alter the external resistance until 
the current is correct, then measure the potential and pro- 
ceed as before. Care should be taken that the machine is 
wann throughout before making the measurements. If the 
machine is properly calculated, these final adjustments will 
be very slight in most cases, and will, therefore, generally 
be found unnecessary. 

If it is desired to regulate the machine to generate the 
same current with different potentials, that is, to run a vary- 
ing number of arc lamps, place an adjustable resistance in 
multiple arc (as a shunt) with the magnet coils. This will 
shunt off some of the current from the magnets, and will 
enable one to regulate the magnetism and therefore to adjust 
for a varying number of lamps. 

If this is to be done, make the first test for both the 
maximum and minimum number of lamps, noting the 
ampere-windings required in both cases. Calculate and 
complete the machine just as before, from the larger of 
these two numbers of ampere-turns. The current required 
for the magnets in the two cases will evidently be propor- 
tional to the ampere- windings, as the number of windings 
is the same. This gives the current required in the mag- 
nets when the smaller number of lamps are run, from which. 
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having calculated the resistance of the coils, it is easy to 
calculate what the adjustable resistance should be in order 
that the proper amount of current is shunted off by it, for 
the currents will be approximately inversely as the two 
resistances. 

This may be done as follcjws : — 

If the normal current of the machine is a and the ampere- 
turns required in the two extreme cases are (a W) and (a' W) 
then the current required in the magnets for the small load is 
approximately 

, (g^W) 

(a W) 

and if E is the total resistance of the coils and r the mini- 
mum adjustable resistance for the small load, then 

a — a 

The maximum adjustable resistance depends on whether 
the machine is to be regulated near its full load, in which 
case the maximum resistance can be calculated similarly to 
the above. 

As the winding of the magnets is entirely independent of 
this resistance, a less troublesome and sufficiently accurate 
method of determining the adjustable resistance is to run 
the finished machine with loads varying from the full load 
down to a short circuit, and, every time the load is reduced, 
adjusting any convenient resistance which shunts the 
magnets, until the proper current in the external circuit is 
obtained. Measure these resistances for each case and calcu- 
late the adjustable rheostat wire from this, taking care to 
proportion their diameters, so that they will not heat too 
much, and at the same time not require too much wire. The 
< urrent going through the rheostat can be readily calculated 
for each case from the resistance of the magnets and the 
resistance of the shunt rheostat. 
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To illustrate the method of calculating the winding of d 
series machine, assume the following data : — 

An arc light, series-wound machine is to be built for a 
10 ampere current at 1000 volts, for about 20-23 lamps. 
Speed, 1200 revolutions. 

The armature was constructed and a trial frame built. 
Upon running the machine with four temporary coils of 
250 windings each, it was found to require an exciting 
current of 40 amperes to bring the current of the machine 
up to 10 amperes and 1000 + 2-6 per cent, of 1000 = 1025 
volts. This gives 250 x 4 X 40 = 40,000 ampere- windings 
as a measure of the magnetism required. 

The oval cast-iron cores were 8J x 2f inches. The as- 
sumed thickness of a coil is ^ of 2f , or about 1 inch. The 
periphery of core was found to be 18*8 inches. This gives, 
from the formula in Chapter III., a mean length of one wind- 
ing equal to 22 • 1 inches. From the formula for the diameter 
of the wire of the magnets, 



^ , 'S75(aW)l^ 



-V 



taking the allowable fall of potential equal to 25 volts, and 
assuming a factor of safety of 5 per cent., therefore making 
» = 95 per cent, of 25 = 23 • 8 volts, the diameter will be, 

d =: 181 mils. 

This is about a No. 5 B. & S. (about a No. 7 B. W.G.). The 
heating will not be too great, for, from the allowable density 
of current, a No. 9 wire would answer. 

No. 5 wire was found to have an outside diameter of 
220 mils. The length of a core being 10 inches there will 
be 45 windings per layer. As there must be 40,000 ampere- 
windings, and being a series machine, and the current in the 
magnets being 10 amperes, there will be 4000 windings, or 
1000 per magnet, making 22 layers, and a thickness of coil 
of 4^ inches, as compared with the assumed thickness of 
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1 inch. This appaxently absurd result shows that the magnets 
are very muoh too small, and that it would hardly be pos- 
sible to finish the machine for such a large load. This might 
have been seen from the magnetic curve, but for the sake of 
illustration the calculations were also made. 

The figures obtained will, however, not only show what 
load this machine will carry, but will also enable one to 
calculate about what the size of the magnets should be for 
another machine which will give 1000 volts and 10 amperes. 

To determine the first, let a h, Fig. 2, be the curve of mag- 
netisation for this machine, obtained as described in Chapter 
II. It will be seen from this curve that the magnets are 
saturated at about 18,000 ampere- turns, and unless it is in- 
tended to over- saturate the cores to obtain greater steadiness in 
the current, this will be the maximum magnetism which ought 
to be used. Dropping perpendiculars from h and d, the distance 
e will represent 1025 volts, and o/will be the greater num- 
ber of volts which the machine will give if not over-saturated, 
provided that the required number of ampere-windings will 
not make the coils too thick. The distance o /, measured 
with the same scale, was found to be about 880 volts. 

Calculate the diameter d again for 18,000 ampere-turns, 

and an allowable loss of potential of 2*5 per cent, of 880 

gives 

d = 128-4 mils. 

This is almost exactly No. 8 B. & S. (or about a No. 10^ 
B.W.G.). This will be found to be large enough not to 
heat too much. Its external diameter is about 158 mils. 
There will be 63 windings per layer, and about 7 layers, 
making a thickness of coil of 1*1 inch. This is about the 
assumed thickness of 1 inch, and shows that the machine is 
properly proportioned. 

To check the result, calculate the fall of potential with a 
No. 8 wire and a thickness of 1*1 inch. This giveff from 

the formula 

•875(aW)Z„ ^, „ , 
V = \, ^ " = 21'3 volts. 
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This is within the limit of 22 volts, showing the calculations 
to be correct. 

It is evident that another armature with more turns of 
wire might be used with the same frame, thus obtaining a 
higher potential with the same magnetisation, or the same 
potential with less magnetisation. Whether this is to be 
recommended depends upon the nature of the armature used 
in the test, and belongs to the subject of armatures ; it can- 
pot therefore be discussed here. It is assumed here that the 
armature has been determined. 

Let us now determine from the above test approximately 
what the size of the magnets should be for a new machine 
with the same armature, but giving the full potential of 
1025 volts, which was what it was originally intended 
for. 

From the point d. Fig. 2, and from the size of the core, 
determine the saturation co-efficient, or the allowable density 
of magnetisation for this particular quality of iron. As 
there are necessary for saturation, 18,000 ampere-turns, and 
as there are four magnets, if one-fourth of this is divided by 
the number of square inches in the cross-section of the core, 
viz., 18, it will be the allowable density or saturation co- 
efficient. This gives 250 ampere- windings per square inch. 
The cross-section of the new magnets must therefore be such 
that the density of magnetisation, as determined from the 
new number of ampere-turns, does not exceed 250 per 
square inch. 

To determine the ampere-turns for the new magnets, pro- 
long the part of the curve a d, Fig. 2, until it intersects the 
line & 6 at a point c ; then c e will represent the magnetism 
which would be required for 1025 volts with the old magnets, 
if tliey were not over-saturated, as 6 e represents the ampere- 
turns required for 1025 volts with the old machine in which 
the magnets are over-saturated. 

The distance c e represents about 22,650 ampere-turns, 
while df, the allowable magnetisation for the small cores, is 
18,000. Calling the latter (a W") and c e the former (a W) 
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while the required number of ampere- windings is represented 
by (a W), then, from the formula, the value of (a W) is 



(a W) = ^ (a Wy (a W") ^ 21,000, 
This makes the new cross-section 

21,000 



4x 250 



= 21 square inches. 



The dimensions of the oval cores should therefore be about 
3 X 9 inches. The diameter of the wire will be, assuming a 
thickness of coil of about 1 inch, 

d = 134 mils, 

or about No. 8 B. & S. (or about a No. lOJ B W.G.). This 
will not heat too much, as it is larger than that given by the 
allowable density of current. As a No. 8 wire has an outside 
diameter of about 168 mils, there will be 7 layers for a thiok- 
nesa of about 1 inch. This gives 

21,000 

-; =• = 75 turns per layer, 

4x7 r J » 

making the new cores 75 x '158 = 12 inches long. 

The curve of magnetisation for the new magnets would be 
about as shown hj a g p in Fig. 2. 

To check the result, calculate the fall of potential from the 
formula, which gives 

V = 26 volts, 

or only a trifle higher than what was assumed at the outset. 
This results from having chosen the next smaller size wire to 
that given by the formula. 

Suppose the finished machine gave only 990 volts and 10 
amperes, then the speed should be increased to 

12 00 X 1 000 ,^,^ , ,. 

— — = 1212 resolutions. 

990 
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CHAPTEE V. 

Compound Machines. 

The general principle of the compound winding is as follows : 
In a simple shunt machine, the greater the current in the 
external circuit or in the armature, the greater will be the 
fall of potential in the armature itself, due to its resistance, 
and therefore the loss will be the difference of potential at 
the terminals of the shunt coils. This decreases the current 
in them, thus diminishing the magnetism, whic^ again de- 
creases the potential. The potential at the poles of the shunt 
machine must, therefore, fall a certain definite amount with 
an increase in the number of lamps in circuit. "Wl^en the 
armature resistance is very small, this decrease of potential 
will be correspondingly small. The increased "counter- 
magnetism " of the armature, due to its own current, also 
tends to decrease the potential for an increased current. If 
by some means these losses of potential, due to an increased 
current, could be generated again automatically by an ex- 
actly equal amount by increasing the magnetism propor- 
tionally, it is evident that the potential at the poles could be 
made to remain constant or nearly so. This may be done by 
adding series coils to such an amount that the total mag- 
netism of the field increases .with an increasing current in 
the external circuit, thus maintaining constant the potential 
at the poles of the machine. 

The connections of the shunt coils may be made in one of 
two ways. In the first of these, called the ordinary com- 
pound machine connections, and shown in Fig. 3, the ter- 
minals of the shunt coils are connected to the poles of the 
armature, or, what is the same thing, to the bruahes. 
The current in the series coils is, therefore, not the total 
current of the armature, but is the current in the ex- 
ternal circuit, or, what is the same thing, the armature cur- 
rent less the shunt currents When no lamps are burning, 
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the series coils are idle, the shunt coils alone being used to 
keep the machine at its proper potential. If the potential at 
the poles of the machine is constant for varying loads, it will 
not be so at the poles of the armature or at the brushes, and. 



Fig. 3. 




Ordinary Compound Winding. 

therefore, not at all the terminals of the shunt coils. The 
potential at the latter will be equal to that at the poles of 
the machine, increased by that which is absorbed in the series 
coils, which latter quantity is evidently the current in the 
external circle multiplied by the resistance of the series coils, 
and is, therefore, a variable quantity depending on the 
number of lamps in circuit. The current in the shunt coils 
is, therefore, not constant, but depends to a small extent on 
the number of lamps burning and on the resistance of the 
series coils. 

The second system of connecting the coils is called by Prof. 
S. P. Thompson the " long shunt " method, and is shown in 
Fig. 4. The terminals of the shunt coils are not connected 
to the bnishes as before, but to the poles of the machine. 
The potential at these points being constant, the current in 
the shunt coils is constant for all loads, and represents 
therefore, a constant magnetisation such as from steel mag- 
nets or from a separate exciting machine. The current in 
the series coils is in this mode of connecting, the whole 
current of the armature, because the current passes from the 
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brashes directly into the series coils and afterward divides 
between that in the external circuit and that in the shnnt. 
The series coils act to a certain extent both as series and 
shunt coils, as the current in the shunt coils flows through 

Fio. 4. 




** Long Shunt " Compound Winding. 

the series coils as well, and when the machine is on open 
circuit, the shunt current has to flow through the series coils 
flrst, thus making them act as shunt coils also. 

It is a question which of these two systems is more econo- 
mical as regards material, operation and construction, though 
it is probable that the second or " long Khunt " method is the 
better. In regard to economy of material the second is 
probably cheaper, for although there is a trifle more lost 
space between the wires, owing to the thicker wire of the 
series coils, yet there is less space and material wasted in 
the insulation, for suppose a thin shunt wire and a thick series 
wire were wound side by side to take the place of the single 
series wire of the second method which carries both the^e 
currents, the two wires would evidently take up more room 
and would cost more in material than the one thick wire, 
although answering the same purpose. In regard to the 
economy of operation of the two systems there is probably 
very little difference. There may be a slight difference in 
favour of the " long shunt " method because the magnets will 
be slightly less bxQky. In regard to economy of construction, 
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there is less work required to wind the magnets in the second 
oase, as there are always less windings in all. If certain 
errors in the calculations which may often be neglected, are 
corrected, the long shunt method becomes somewhat easier to 
calculate than the ordinary. In many cases, especially for 
large, well-proportioned machines, there will be very little 
practical difference between the two methods. 

The preliminary test of the machine, preceding the calcu- 
lations for the proper proportions of the series and shunt 
polls for either the ordinary or the long shunt method, is the 
same for both, and is made as follows, independently of the 
method of winding which will be used. 

Make the test for determining the magnetism^ with tem- 
porary coils and a separate exciting machine, in the same 
way as was described for shunt machines, only that instead 
of making but one test for fall load, make a series of tests 
(as many as practicable — say fifteen to twenty) beginning 
with a little more than full load, and continuing by diminish- 
ing the number of lamps down to an open circuit. For each 
different number of lamps, adjust the exciting current until 
the potential is the required amount, and then measure both 
the exciting current and that in the lamp circuit, being 
careful that the speed remains the same, for witli a poorly 
governed engine the speed is likely to increase as the number 
of lights diminishes. The speed should be noted, and must 
not he changedy as the proportioning of the coils is different 
for different speeds. The machine should be run for a time 
on full load, or even more, so as to become warm through- 
out. 

In the absence of a reliable ampere-meter f< t such a large 
range as is required for the current in the external circuit, 
it is sufficiently accurate, if the incandescent lamps are 
uniform, to calculate the current in the external circuit from 
the number of lamps, by measuring accurately, once for all 
(and with the same instrument to be used for the exciting 
current), the current required by a large number of lamps 
at tlieir proper potential, and dividing this by their number. 
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This constant gives tte current per lamp, and can be used 
to calculate the currents for the decreasing number of lamps. 
Even if the constant of the instrument is not qnite correct, 
the relative values of the lamp current and the exciting 
current are correct, and the test will give values which will 
answer the purpose. It is important to adjust accurately 
for the proper potential in each case, otherwise the results 
will be very unsatisfactory. 

Before making this series of measurements, it is advisable 
to examine the necessary shifting of the diameter of commu- 
tation. To do this, run the machine at full load at the 
proper potential, and adjust the brushes to the non-sparking 
position, then disconnect all but a few of the lamps, and run 
it again at the proper potential by changing the exciting 
current, and find the non-sparking position of the brushes 
again. If the change of position is very great, it is not ad- 
visable to attempt to make the machine a self-regulating 
compound machine, as it will be very unsatisfactory; in 
fact it will evidently not be automatic if the brushes require 
to be adjusted. If the change of position is great, there are 
some bad proportions in the machine, at least, for a com- 
pound machine. Probably it is the fault of the armature, 
as it may have too many windings, or its iron may be too 
hard, or there may be too few coils or commutator bars, the 
self-induction being too great. It may also be the fault of 
the pole-pieces, as they may be too wide in the direction of 
rotation. It might be due to an unbalanced field having 
the iron unsymmetrically placed in the form of arms, bear- 
ings, base, &c. The brushes should not touch more than 
two, or at the most, three commutator strips at one time, 
€uad they should be precisely diametrically opposite each 
other. General hints in regard. to the best proportions, to 
prevent the shifting of brushes, will be given in the latter 
part of this chapter. 

If the change of position of the brushes is more than 
about one-half an inch, on a commutator of about four inches 
diameter, the machine is not well proportioned. A good 

E 
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compound machine ought not to spark or require the 
blushes to be moved, even for a sudden change from a 
full load to an open circuit or the reverse. They should 
be moved only when worn off. It is, of course, taken for 
granted that the contact surface of the brushes is more 
than the thickness of one insulation between two commu- 
tator bars, and that they are exactly diametrically opposite 
each other. If the brushes need slight adjusting, it is best 
to find a mean position and keep them there for all loads, 
provided they do not spark too much to injure the machine 
for the extreme loads. 

Having found this position and marked it, the test for 
determining the ampere- windings may be made as above 
described, the results giving the required exciting current 
for each different number of lamps to bring the machine 
to its desired potential. This current multiplied by the 
number of windings of the temporary coils, gives the 
numbers of ampere- windings required for supplying a 
constant potential to a varying number of lamps. 

Having made all these adjustments and the series of 
measurements for determining the ampere-turns for dif- 
ferent numbers of lamps, it is advisable, though not abso- 
lutely necessary, to make the other test for determining 
the magnetic curve, as described in Chapter II. It is more 
necessary to do this in the case of compound machines than 
for either shunt or series, as it enables one to see up to what 
limit the machine may be made to have a constant potential, 
and also to see whether it is practicable to attempt to make 
it compound at all. If there is any doubt about its being 
well proportioned for a compound machine, it is best to 
make this test first, in order to save the trouble of making 
the other test in case the proportions are found to be too 
bad for a compound machine. How to improve the propor- 
tions from the results of this test will be discussed in another 
part of this chapter. 

From the results of this test for the relation between the 
useful magnetism and the ampere- windings, lay off the 
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values of the potential on open circuit and the magnetising 
ampere-windings as abscissas and ordinates respectively, 
and draw the curve through the points in the same way as 
described in Chapter 11. If the machine is properly pro- 
portioned, this curve should be two tolerably straight lines 
connected by a short curved line, as in a 6 Fig. 5. 

Fig. 5. 




VOLTS ^ ,j^ 



As the amp^re-windinjis must, from the nature of the 
compound winding, increase in direct proportion to the 
current of the machine, it is evident that the machine may 
be made compound only on one or the other side of the 
curved part c d of the line a h ; that is, for the curve repre- 
sented here, the extreme number of ampere- windings must 
be equal to or less than that for the point c, — that is, equal 
to or less than h o or h i, or the smallest limit must be equal 
to or greater than that for the point d, — that is, d e. It 
cannot possibly be made to have a constant potential for a 
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number of ampere-windings lying between c and d, except, 
perhaps, approximately for a very short range, if the curve 
is not a sharp one. As the point c designates the point at 
which the magnet cores are just being saturated, it will 
evidently be more economical to run the machine between 
the points a and c, rather than between d and b, for it will 
then require less energy in the magnets, and therefore also 
less wire, the amount of thick Tjji^ire (series coils) being very 
much less for points below c than for points above d. If the 
curve is not even approximately straight at one of the two 
parts, it is not advisable to attempt to make the machine 
self-regulating with a constant potential without adjusting 
the brushes, except for very small ranges of the varying 
load. In general, the straighter this curve below the satura- 
tion point c, the more nearly can the machine be made to 
have a constant potential. 

Having made this examination and found the maximum 
limit to the number of ampere-turns, take the results of 
the test first described, for determining the ampere-windings 
required for supplying the same potential to different 
numbers of lamps, and construct a curve from the values 
obtained, by laying off the cun-ent of the armature as 
abscissas, and the required number of ampere-windings as 
ordinates, plotting the points and drawing a line through 
them. This line will generally be somewhat like the curved 
line g fin. Fig. 6, and may, for the sake of direct comparison, 
be drawn on the same sheet with the other curve, by taking 
the abscissas as amperes instead of volts. The line e k 
representing the permissible limiting value for the ampere- 
windings, shows, by its intersection h with the curve g f 
the extreme number of amperes h k or i o, for which the 
machine may be made self-regulating. The line g n shows 
the smallest number of ampere-turns which will ever be 
required (on open circuit), and, therefore, by its intersec- 
tion with a c at n shows the limiting portion w c of the 
curve a c, which is in actual use. If this part w c of the curve 
a c (which, under good conditions, will be very small), be 
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straight, or nearly so, tlie macliine may be made self-regu- 
lating, even if the rest of the curve a 6 is very much curved. 
This portion n c may be made quite small by making both 
the armature resistance and the number of turns on it small, 
the field intense and the number of armature coils large, as 
will be shown in another part of this chapter. 

It may be remarked here, that if the test had been con- 
tinued for a greater number of lamps than that which is 
represented by the distance o i, the curve g h would have 
been found to curve upward like h /, due to the fact that the 
magnets are being saturated. -The machine can be made 
self-regulating only for the tolerably straight portion of the 
whole curve gf. Furthermore, if n c is curved considerably, 
g h will also be so in about the same proportion and in the 
same direction. 

To calculate the number of ampere-windings which must 
be allotted to the shunt and to the series coils, draw a straight 
light line g h through the curved line g h, making it coincide 
more nearly with those portions of the curve which represent 
the numbers of lamps which will be used most frequently 
with that machine. For instance, at or near g the curve will 
probably deviate most from the straight line, but it is not 
necessary to consider that part of the curve, as the machine 
will probably seldom be used for such a small number of 
lamps. 

The vertical distances to this straight line g h represent 
the ampere-windings which can be supplied by a winding 
consisting of series and shunt coils, and is, therefore, the 
nearest approach possible with such a winding to generate 
the ampere- windings required by the curved line g h obtained 
from the test. The more this straight line deviates from the 
curved one, the greater will be the deviation of the potential 
from the desired constant value. 

From the position of this line the proportion of the series 
and shunt coils is calculated as follows. It is evident that 
the vertical distances, representing amp^re-tums, are made 
up of a constant part^^ o and a regularly increasing part 
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lying between g h and the horizontal line gp. It is evident, 
therefore, that the shtint coils — in which, as was described, 
the current is approximately constant for any number of 
lamps — must supply the ampere-windings represented by g o, 
and the series coils must supply the constantly increasing 
portion between g p and g h. 

Up to this point it is immaterial which of the two methods 
of winding is to be used. In many cases it will make so 
little diflference whether the long shunt or the ordinary 
method is used, that the same calculation will answer for 
both. Furthermore, if it is not necessary to make the 
machine regulate automatic£^lly as accurately as it is possible 
to make it, then certain corrections may be neglected, in 
which case also the same calculation will answer for both 
methods. 

The conditions under which the following calculation can 
be used for both cases are as follows : — If the machine is 
large ; if the relative armature resistance is small ; if the 
proportion of energy required in the magnets is not too 
large ; if the shunt current may be comparatively small ; if 
the brushes may be shifted slightly to adjust for potential ; 
if an adjustable resistance in the shunt current may be used 
within small limits ; if the magnets are not over-saturated ; 
if the speed is not quite constant, thus necessitating hand 
regulation. 

Under these conditions the following approximate method 
may be used. The shunt coils are calculated in the same 
way as for an ordinary shunt machine from the number of 
ampere-windings represented by the distance g o, the only 
difference being that the current for this shunt-winding is a 
smaller proportion of the whole current than in ordinary 
shunt machines. The series coils are calculated as follows : — 
For a current in the armature represented by o i the number 
of ampere-windings must be increased by an amount repre- 
sented hj hp ampere-windings in addition to that supplied 
by the shunt magnets, and represented by pi or g o. As this 
same current o i flows through these series coils as well as 
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throngli the external circuit, it is evident that the number of 
windings of the series coils must be this number of ampere- 
windings represented by h j?, divided by the current repre- 
sented by i. The number of windings thus obtained will 
evidently be the same, no matter what the current is, as it 
depends only on the angle h g p. The diameter of the wire 
must be calculated as for an ordinary series machine, from 
the maximum current o i, and the allowable fall of potential 
which in this case must be much smaller than in a series 
machine. In general, the whole allowable loss of energy for 
the magnets can be divided into two parts, which have the 
proportion which the distances hp and p i have to each other 
and to the whole distance h i, giving the series coils that 
part h p of the whole h i, and allowing the rest p i for the 
shunt. For instance, if hp were one-third of h «', then the 
series coils may absorb about one-third of the whole amount 
of energy allowed for the magnets and the shunt coils the 
remaining two-thirds. If 3 per cent, of the whole energy is 
allowed for the magnetisation, then in this case the series 
coils may absorb 1 per cent, of the potential, and the shunt 
coils 2 per cent, of the maximum current. 

As will be noticed, this method does not take into account 
the fact that the loss of potential in the series windings 
should be replaced by an increasing potential at the arma- 
ture ; neither does it take into account that the fehunt coil 
current should be subtracted from that in the external 
circuit and in the series coils. Therefore the potential at 
the poles of the finished machine, although approximately 
constant, will not approach as closely to a constant potential 
as it would be possible to make it if the proportions of the 
windings were corrected for these losses. These corrections 
become all the more necessary, in fact sometimes quite 
essential, under the following conditions : if the machine is 
small they are essential; if the armature resistance is re- 
latively high, that is, if the series coils supply a great part 
of the ampere- windings, the correction for loss of potential is 
important ; if the magnets are over-saturated this correction 
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generally beoomes essential ; if tbe required magnetisation is 
relatively great, and the shunt current relatively large, the 
correction for this shunt current is important ; in general, if 
the proportion of energy required by the magnets i& largo, 
both corrections become necess0.ry. If constant speed can be 
maintained, and it is required to make the machine have as 
nearly a constant potential as it is possible to make it, then 
both corrections should be made. 

These corrections will evidently be different in the two 
methods of winding. For the ordinary compound winding 
shown in Fig. 3, in which the shunt coils are attached to the 
poles of the armature, let g h. Fig. 6, represent the same line 

Fig. 6. 




Amperes. 

as ^ % in Fig. 5. In the same way as before, determine 
approximately the current required for the shunt circuit and 
the loss of potential allowed for tbe series coils. Lay off o r 
equal to the shunt current (exaggerated in this diagram for 
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the sake of cleamesB), then r 8 will represent the ampere- 
turns required in order to supply the necessary current for 
the shunt when the machine gives the proper potential on 
an open circuit. The currents in the lamp circuit will, 
therefore, be measured from r to the right ; that is, they are 
equal to the whole armature current, o i for instance, less 
that used in the shunt o r. 

When the current flows through the lamps, and therefore 
through the series winding, the potential at the poles of the 
machine would fall by the amount which is absorbed by the 
series coils, for in the test the machine was run with constant 
potential at the armature. As this fall of potential increases 
with the current, it will have to be generated again by a 
corresponding increase in the number of series windings. 
Furthermore, as this fall of potential does not begin until 
the series coils begin to act, a line a t drawn from s making a 
certain small angle with a A, would represent the necessary 
increase of the ampere-windings in order to increase the 
potential at the armature, so that at the poles of the machine 
it may be constant. Furthermore, if the potential at the 
armature poles be increased, the current in the shunt will be 
increased, for it is connected to these poles. The question 
then arises, how many of the ampere-windings will remain for 
the series coils to generate. This may be calculated as 
follows : — From the allowable loss of potential in the series 
coils at the maximum load, calculate by simple proportion 
what the total increased number of ampere-turns must be ; 
in other words, if the constant potential V volts requires h % 
ampere- win dings, then V + t? volts (y being this loss in the 

V + » 
series coils) will require — ^=r— X (^ t) ampere- windings. 

This gives the distance % t Then a t will represent the true 
corrected curve which gives the true values of the ampere- 
turns necessary to raise the potential of the armature so 
that the potential at the poles of the machine will remain 
constant. 

The proportion of this which will have to be allotted to 
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the series coils is obtained as follows: — Knowing the highest 
potential at the armature, V + ©, and calculating the resist- 
ance R of the shunt coils from the potential on open circuit 
and the current in it, calculate what current will flow through 
it at the maximum load when the potential at the armature 
is V + ^'^ This gives for the maximum current through 

V 4- 1? . 
the shunt — ^ — , which multiplied by the shunt windings, 

XV 

give the ampere- windings in the shunt coils for the full load. 
Therefore, if this is laid off at t d, then it will leave d t 
ampere- windings to be supplied by the series coils. Dividing 
this number of ampere-windings, represented by d t, by the 
current in the external circuit (remembering to subtract 
that in the shunt for d i ampere-windings from the whole 
current o t) it will give the corrected number of windings 
for the series coils. 

Haviug thus found the proper number of windings for the 
series coils, and having given its maximum current and 
its allowable resistance (from the fall of potential and 
maximum current), the rest of the calculations is the same 
as for series machines, except that in this case the series 
coils are limited to a much less space. In the same way, 
having found the maximum number of ampere-windings 
t d of the shunt coils, and having given its allowable current 
and the maximum potential at the armature for full load, the 
rest of the calculation is the same as that for ordinary shunt 
machines. 

On account of the inflexibility of the thick wire, the 
series coils are generally wound first and the shunt coils 
over them. In that case care should be taken to correct 
the mean length of the shunt- win dings, for what was be- 
fore the space occupied by the core for an ordinary shunt 
machine, is now that occupied by both the core and series 
winding. Another way to wind the magnets is to place the 
series coils at one end of each, or of alternate magnets. This 
is not advisable, as it requires more time and care to wind 
them and they are likely to collapse unless held by a 
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guard of some sort, which occupies valuable room in the 
coils. 

The diagram, Fig. 6, also shows at a glance how the 
ampere-windings are divided between the shunt and series 
coils. The line 8 ^ gives the corrected relation between the 
armature current and the required ampere-windings for 
constant potential at the poles of the machine. The space 
below the line « d will show how much of the magnetism is 
supplied by the shunt coils, while the space between 8 d and 
8 t shows how much is supplied by the series coils. The space 
8 r g (very much exaggerated here) shows the proportion of 
the whole number of ampere- windings required to generate 
the current for the shunt coils ; the space h 8 t (also exagger- 
ated) represents that required to generate the potential lost in 
the series coils. If the current in the external circle were 
r Zy for instance, it would be seen at a glance that the machine 
was running very uneconomically, as about half the energy 
generated is absorbed by the magnets. 

For the " long shunt " winding, in which the shunt coils are 
connected with the poles of the machine, as shown in Fig. 4, 
the corrections will be somewhat different. Referring to 
Fig. 7, let g h represent, as before, the results of the experi- 
ments, as shown in Fig. 5. In the same way as before, deter- 
mine approximately the loss of potential allowed for the 
series coils and the total number of ampere-windings which 
will be required to generate the proper potential plus what 
is lost in the series coils. Lay this off as < i, then t g will 
give the corrected values for the ampere-windings required. 

As the whole current passes through the series coils in 
this case, it is evident that their action will be proportional 
to the armature current and not to the external circuit cur- 
rent, as with the ordinary compound winding. From this 
it follows that the ampere-windings for the shunt magnets 
must be that represented by g o, and as this is constant for 
any number of lamps, ^ d is in this case horizontal, leaving 
d t SkS the number of ampere-turns to be supplied by the 
series coils at maximum load. Knowing the whole current 
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(including slmnt) at this load, the number of windings is the 
quotient of the two, that is, — . . Having thus found the 



t 



number of windings of the series coils, and having given its 
maximum current and its allowable resistance, the rest of the 



Fig. 7. 




calculation is the same as before. In the same way, having 
found the ampere-windings of the shunt coils, and having 
given its allowable current and the constant potential at the 
poles of the machine, the rest of the calculation is the same 
as before. 

The diagram also shows, as before, that the space below 
g d represents the ampere- windings in the shunt ; that be- 
tween g d and g t represents the ampere-windings in the 
series coils. The space g e r o represents the ampere- wind- 
ings required to supply the shunt current, and ^ % ^ that 
required to supply the energy lost in the series coils. The 
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distance 8 e represents tlie ampSre-windings generated by 
the series coils on open circuit, that is, when they act 
together with the shunt coils as such. It will be seen, by 
direct comparison of Figs. 6 and 7, in what manner the 
proportions of the different coils will vary in the two dif- 
ferent systems. In Fig. 7, the shunt coils are evidently 
smaller, and the series coils larger. In both, it will be 
noticed that the nearer the point 8 is to the point g, the 
more nearly alike will these two methods of winding be. 

In many systems of distribution for incandescent lamps, 
the potential at the lamps will faU with an increased 
number of lamps, owing to the increased current in the 
leads. If it is desired to correct for this in the winding of 
the machine magnets, it is only necessary to increase the 
number of series windings by the proper amount, in order 
to generate the desired increase of potential at the poles, 
which can readily be calculated. This correction is made 
in the same way as that for the loss of potential in the 
series windings. If this correction for leads is comparatively 
great, care should be taken to correct the shunt winding 
also, on account of the increased potential at its terminals. 

As will be seen from the above description, much greater 
care must be taken, and more accurate calculations must 
be made for compound machines than for ordinary shunt 
or series machines. A change in, one quantity will affect 
several others ; especially is this the case with the speed, 
which should be kept the same throughout : if it cannot be 
maintained constant, there is little use in attempting to 
make the machine more than a rough approximation to one 
of constant potential. 

If, upon running the finished machine, it is found to 
give too low a potential, owing either to an error in calcula- 
tion, or to the copper having a higher resistance than 
was assumed, a change in the speed will correct the poten- 
tial for that load ; but the machine will then no longer have 
a constant potential, as a change in speed alters' the required 
proportion between the series and shunt coils. 
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If it is desired to make final adjustments, or to allow for 
slight errors in calculation, or for certain small changes of 
speed, the shunt coils may be so calculated as to have a 
somewhat smaller resistance than would otherwise be 
necessary, and an adjustable resistance placed in circuit with 
them. This will enable one to adjust the shunt coils. To 
adjust the series coils, they must be calculated for a some- 
what smaller current than otherwise, and an adjustable 
resistance placed between the terminals of the series coils so 
as to shunt off a portion of the current. By this means both 
series and shunt coils can be adjusted or varied between 
certain limits, thus avoiding the necessity of great accuracy 
in calculation. This also allows for the correction of small 
unavoidable errors, and for adjustment for a slightly different 
speed. Tliese adjustable resistances, after being set by 
experiment to their proper values, need no further alteration. 
From the different functions of the two coils it can readily 
be seen by a trial test, which of them requires to be varied 
in adjusting the machine. 

In conclusion, let us examine the diagram Fig. 5 again, in 
order to see what are the best proportions for a good com- 
pound machine. As the curve of magnetisation a c should 
be as straight as possible, the magnets should be of as soft a 
quality of iron as possible, and should just begin to be 
saturated with the maximum load. They should, therefore, 
be large enough, and there should be no great resistance to 
the lines of magnetic force by a scant allowance of iron 
at any part of their circuit. The magnets and iron should 
of course be arranged as economically as possible as regards 
utilisation of the field. 

As the armature resistance increases, the angle which 
the line g h makes with the horizontal increases, and hence 
also the number of series coils; in this case the deviation 
of the curved line g h obtained from experiment and the 
straight line assumed, becomes greater, and hence also the 
deviation of the finished mnchine from one of a constant 
potential. From this it is seen that it is desirable to have 
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the armatuie resistance as low as practicable, and, therefore, 
the field more intense, up to a certain limit. A Weston 
machine, exhibited at the Philadelphia Electrical Exhibition 
in 1884, had an armature of such low resistance that it had 
very nearly a constant potential for varying loadw, without 
the use of any series winding. It is a question whether this 
is not the other extreme; that is, whether it would not 
have been more economical, as regards cost of material and 
construction, to make the machine somewhat smaller with 
a correspondingly higher armature resistance and a few 
series <;oil8, at the same time letting the machine have the 
same efficiency and capacity. 

As the self-induction of the armature coils increases the 
sparking, it is well to have as few turns per coil on it as 
possible, and a correspondingly large number of commutator 
strips or coils. 

As the magnetic lag of the iron in the armature increases 
the difiBculty of making the machine one of constant po- 
tential, it should be made as small fis possible by having the 
iron of the softest quality, and the number of armature 
windings on it as small as practicable. 

As it is very desirable not to have to shift the brushes, 
everything possible should be done to avoid sparking and 
change of position of the line of commutation, or, what is 
the same thing, to avoid having to change the position of 
the brushes. Therefore, in addition to what has been said, 
the field should not be unbalanced, that is, the iron and coils 
should be so distributed that the field is symmetrical on 
both sides of the armature. 

Lastly, great care should be. taken in constructing com- 
pound machines, for if an error or fault shows itself, it 
cannot be corrected as readily as in other machines by 
merely changing the speed, coil resistance, or position of 
brushes, as these changes will alter the compounding of 
the machine, so that it will then no longer have a constant 
potential. 
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Mains— Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq^.^ 
Services — Consumers' Meters — Regulators— Burners — Fittings— Photometer— Carburization 
of Gas"-Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — ^Influence of Atmospheric Pressure and Temjieratiu'e on Gas— Residual 
Products — Appendix — Description of Retort Settings, Buildings, etc., etc. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. Kutter. Translated from articles in 
the * Cultur-Ingenieur,' by Lowis D'A. Jackson, Assoc. Inst C.E. 
8vo, doth, I2J. 6^. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diamjeter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3x. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charlbton, Mem. American Inst, of 
Mining Engineers. With plates^ 8vo, cloth, \2s, 6d. 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt R.E. With UlustraUons^ 8vo, cloth, y, 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc, etc. By Thomas Box. Ninth edition, 
numerous plates^ post 8vo, cloth, 5j. 

The Essential Elements of Practical Mechanics; 

hosed on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for CivU 
^ Engineers. Third edition, with 148 wood engravings, post 8vo, cloth, 
7j. td. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. l. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion — Chap. 3. The principles expounded in the first and 
second chapters are applied to the Motion of Bcdies— Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5. Useful Propositions and Rules. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. CoLYER, M.I.C.E., 
M.I.M.E. With 20 plates, 8vo, cloth, 12s. 6d, 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition, revised and enlarged, small 4to, cloth, 12s, 6d, 

A Practical Treatise on Mill-gearing, Wheels, Shafts, 

Riggers, etc.; for the use of Engineers. By Thomas Box. Third 
edition, with 1 1 plates. Crown 8vo, cloth, *js, 6d, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr£, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on CoaJ Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. 1 2 J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting — Ventilation — Pumping — 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Cosd, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hack wood. Illustrated 32mo, cloth, 2J. dd. 
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Practical Electrical Notes and Definitions for the 

use of Engineering Students and Practical Men, By W. Perren 
Maycock, Assoc. M. Inst. £.£., Instructor in Electrical Engineering at 
the Pitlake Institute, Croydon, together with the Rules and Regulations 
to be observed in Electrical InstaUation Work. Second edition. Royal 
32mo, roan, gilt edges, 4r. 6^., or cloth, red edges, yi. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andrib, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, ^s. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems— Lines, Dots, and their 
Combinations— Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
—Civil Engineers' and Surveyors' Plans^Map Drawing"— Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometricsd Formulae, etc., etc. 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,* etc. Second edition revised, with illustra" 
tions, crown 8vo, cloth, 5j. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. AndrIE, 
F.G.S., Assoc. Inst C.E. With 56 illustrations and 12 plcttes, 8vo, cloth, 
lOr. 6^. 

Experimental Science: Elementary, Practical, and 

Experimental Physics. By Geo. M. Hopkins. Illustrated by 672 
engravings. In one large vol., 8vo, cloth, 15J. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3^. 

Laxtofis Builders' and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5^. 

LaxtorCs Builders' and Contractors' Tables, Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 55. 
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Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Department, Inspector of Irrigation, Egypt. With 
Introduction by Lieut-Col. J. C. Ross, R.E., Inspector-General of 
Irrigation. With numerous lithographs and wood engravings^ royal 8vo, 
dotn, I/. i6s. 

Screw Cutting Tables /or Engineers and Machinists, 

fiving the values of the different trains of Wheels required to produce 
crews of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc Cloth, oblong, 2s, 

Screw Cutting Tables^ for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, i.r., or sewed, dd, 

A Treatise on a Practical Method of Designing Slide- 

Vahe Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6j-. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d. 

A Glossary of Terms used in Coal Mining. By 

William Stukeley Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams, crown 8vo, cloth, 5^. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, r<^ 
32mo, roan, gilt edges, 5j. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J. A. Berly, C.E., Assoc. S.T.E. With engravings, 
8vo, cloth, 9x. 
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Barlow's Tables of Squares^ Cubes^ Square Roots, 

Cube RoetSf Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, 6j. 

A Practical Treatise on the Steam Enginey con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^ plates, in one Volume, half-bound morocco, 2/. 2s. i 
or cheaper edition, cloth, 2^s,  

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam En^'nes without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the constmction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and EquUibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Aprplying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible soiurce, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimating Quantities, etc,, with a 
general description of the severed Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, revised 
by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illustrations 
and tables, royal 8vo, cloth, 12s, 6d, 

Principal Contents : 

Part z. Introduction and the Principles of Geometry. Part a. Land Surveying ; com- 
mising General Observations— The Cham— Offsets Surveying by the Chain only---Surveying 
Hilly Ground'^To Survey an Estate or Parish by the Chain only— Surveying with the 
Theodolite— Mining and Town Surveying— Railroad Surveying— Mapping— Division and 
Laying out of Land— Observations on Enclosures — Plane Trigonometry. Part 3. Levelling — 
Simple and Compound Levelling-^The Level Book— Parliamentary Plan and Section— 
Levelling with a Theodolite — Gradients—Wooden Curves — ^To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates— Cuttings and 
Embankments—^Tunnels— Brickwork — Ironwork — Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting^ — ^The Improved Dumpy Level— Troughton's 
Level— The Prismatic Compass — Proportional Compass— Box Sextant — ^Vernier — Panta- 
eraph — Merrett's Improved Quadrant — Improved Computation Scale — ^The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms of Numbers ^ Logarithmic Sines and 
Co-Smes, Tangents and Co-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Mechanical Graphics. A Second Course of Me- 
chanical Drawing. With Preface by Prof. Perry, B.Sc, F.R.S. 
Arranged for use in Technical and Science and Art Institutes, Schools 
and Colleges, by George Halliday, Whitworth Scholar. 8vo, 
cloth, 6j. 
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The Assayer's Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illustrations, 8vo, cloth, I2j. 6d. 

Dynamo -Electric Machinery: a Text -Book for 

Students of Electro-Technology, By Silvanus P. Thompson, B.A., 
D.Sc, M.S.T.E. \_New edition in the press. 

The Practice of Hand Turning in Wood, Ivory, Shelly 

etc,, with Instructions for Turning such Work in Metal as may be required 
. in the Practice of Turning in Wood, Ivory, etc ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings, crown 8vo, cloth, dr. 

Contents : 

On Lathes— Turning Tools— Turning Wood — Drilling — Screw Cutting— Miscellaneons 
Apparatus and Processes— Turning Particular Forms — Staining— Polishing— Spinning Metals 
— Materials— Ornamental Turning, etc. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crovm 
8vo, cloth, 6j. dd. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — Time— Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions; their Pro^rtional Sizes, 
Trains, etc.'-'Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up-— The Verge— The Horiiontal^The Duplex— The Lever — ^The Chronometer— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — ^Jewelling of 
Pivot Holes— Clerkenwell — Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,* etc. Second edition, crown 8vo, cloth, 2J. 6</. 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication — Involution — Exponents — N^ative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — ^Logarithms — ^Tables of Logarithms 
and Proportionate Parts— Transformation of System of Logarithms — Commota Uses of 
Common Logarithms— Compound Multiplication and the Binomial Theorem— 'Division, 
Fractions, and Ratio— Continued Proportion— The Series and the Summation of Ae Series- 
Limit of Scries— Square and Cube Roots— Equations— List of Formulae, etc. 

Spons* Dictionary of Engineering, Civil, Mechanical^ 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vc^ 
in 8 divisions, 5/. is. Complete in 3 vols., cloth, 5/. 5/. Bound in a 
supierior manner, half-morocco, top edge gilt, 3 Yols., 6/. 12s, 
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Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst M.E., 
Mem. Inst. C.£., Mem. Soc. of Engineers. Crown 8vo, cloth, zr. 6^. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plates oj 
Working Drawings. Crown 8vo, cloth, 9^. 

Proceedings of the National Conference of Electricians^ 

Philadelphia^ October 8th to 13th, 1884. i8mo, cloth, jx. 

Dynamo - Electricity^ its Generation, Application, 

Transmission, Storage, and Measurement. By G. B. Prescott. With 
545 illustrations, 8vo, cloth, i/. u. 

Domestic Electricity for Amateurs. Translated from 

the French of E. Hospitalier, Editor of **L*Electricien," by C. J. 
Wharton, Assoc. Soc. Tel. Eng. Numerous illustrations. Demy 8vo, 
cloth, dr. 

Contents: 

X. Production of the Electric Current^a. Electric Belk— 3. Automatic Alanns — 4. Domestic 
Telephones — 5. Electric Clocks— 6. Electric Lighters — 7. Domestic Electric Lightings 

4. Domestic Application of the Electric Light— 9. Electric Motors-^zo. Electrical Locomo- 
tion— iz. Electrotyping, Plating, and Gilding — za. Electric Recreations— ^is. Various appli- 
cations—Workshop of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations, i8mo, cloth, 2s, 6d. 

Contents : 

z. The Electric Current and its production by Chemical meansj-9. Production of Electric 
Currents by Mechanical means — 3. Dynamo-Electric Machines— 4. Etectric Lamps— 

5. Lead— 6. Ship Lighting. 

Foundations and Foundation Walls for all classes of 

Buildings^ Pile Driving, Building Stones and Bricks, Pier and Wall 
construction. Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 illui' 
trations. By G. T. FoWELL and F. Bauman. 8vo, doth, lor. 6df. 

Mamialfor Gas Engineering Students. By D. Lee. 

i8mo, cloth, IS, 
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Telephones, their Construction and Managements 

By F. C. Allsop. Crown 8vo, doth, 5j. 

Hydraulic Machinery , Past and Present. A Lecture 

delivered to the London and Suburban Railway Officials' Association.^ 
By H. Adams, Mem. Inst. C.E. Folding plate, 8vo, sewed, i j. 

Twenty Years with the Indicator. By Thomas Pray^ 

Jun., C.E., M.E., Member of the American Society of Civil Engineers^ 
2 vols., royal 8vo, cloth, I2J. 6^. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1889. Issued June 1890. 8vo, sewed, 5^. 

Bad Drains^ and How to Test them ; with Notes oi> 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origiiv 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crowi* 
8vo, cloth, 3J. 6d, 

Well Sinking. The modern practice of Sinking^ 

and Boring Wells, with geological considerations and examples of Wells^ 
By Ernest Spon, Assoc. Mem. Inst. C.E., Mem. Soc. Eng., and of the 
Franklin Inst., etc. Second edition, revised and enlarged. Crown 8vo,. 
cloth, lOf. 6d. 

The Voltaic Accumulator : an Elementary Treatise. 

By 6mile Reynier. Translated by J. A. Berly, Assoc. Inst. E.E. 
With 62 illustrations^ 8vo, cloth, 9^. 

Ten Yeari Experience in Works of Intermittent 

Downward Filtration. By J. Bailey Denton, Mem. Inst. C.E. 
Second edition, with additions. Royal 8vo, cloth, ^s. 

Land Surveying on the Meridian and Perpendicular- 
System. By William Penman, C.K 8vo, cloth, 8j. 6^. 

The Electromagnet and Electromagnetic Mechanism^ 

By SiLVANus P. Thompson, D.Sc, F.R.S. 8vo, cloth, 15J. 
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Incandescent Wiring Hand-Book. By F. B. Badt, 

late 1st Lieut Royal Prussian Artillery. With 41 illustrations and 
5 tables, l8mo, cloth, ^r. (id, 

A Pocket-book for Pharmacists^ Medical Prac- 

HHonerSy Students^ etc.^ etc, (British^ Colonial^ and American), By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a 'Pocket-book for Chemists,' *The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,' etc., etc. 
Roytd 32mo, boards, gilt edges, dr. 

Tke Fireman^ s Guide ; a Handbook on the Care of 

Boilers. By Teknolog, foreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Dahlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, 2s, 

A Treatise on Modem Steam Engines and Boilers, 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colysr, M. Inst. C.E., Mem. Inst M.E. 
With '>f> plates, 4to, cloUi, 12s, 6^. 

CONTBNTS : 

I. Introduction — a. Original Engines— 3. Boilers— 4. Hi^h-Pressnre Beam Engines — 5. 
Cornish Beam Engines—^. Horizontal Engines — 7. Oscillatmg Engines — 8. Vertical High- 
Pressnre Engines— 9. Special Engines— 'xo. Portable Engines— xi. Locomotive Engines- 
is. Marine Engines. 

Steam Engine Management; a Treatise on the 

Working and Management of Steam Boilers. By'F. Colyer, M. Inst. 
C.E., Mem. Inst. M.E. New edition, i8mo, cloth, 3^. 6^. 



A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown 8vo, cloth, lOir. 6d, 



Aid Book to Engineering Enterprise, By Ewing 

Matheson, M. Inst. C.E. The Inception of Public Works, Parlia- 
mentary Procedure for Railways, Concessions for Foreign Works, and 
means of Providing Money, the Points which determine Success or 
Failure, Contract and Purchase, Commerce in Coal, Iron, and Steel, &c. 
Second edition, revised and enlarged, 8vo, cloth, 21J. 
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Pumps, Historically, Theoretically, and Practically 

Considered, By P. R. BjoRLiNG. With 156 illustrations. Crown 8vo, 
cloth, 7j. 6^. 
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The Marine Transport of Petroleum. A Book for 

the use of Shipowners, Shipbuilders, Underwriters, Merchants, Captains 
and Officers of Petroleum-carrying Vessels. By G. H. Little, Editor 
of the * Liverpool Journal of Commerce.' Crown 8vo, cloth, lOf. 6^. \ 

Liquid Fuel for Mechanical and Industrial Purposes, 

Compiled by E. A. Brayley Hodgetts. With wood engravings, 
8vo, cloth, 7j. 6^. 

Tropical Agriculture : A Treatise on the Culture, 

Preparation, Commerce and Consumption of the principal Products of 
the Vegetable Kingdom. By P. L. Simmonds, F.L.S., F.R.C.I. New 
edition^ revised and enlarged, Svo, cloth, 2ij. 

Health and Comfort in House Building ; or, Ventila- 
tion with Warm Air by Self-acting Suction Power. With Review of the 
Mode of Calculating the Draught in Hot-air Flues, and with some Actual 
Experiments by J. Drysdale, M.D., and J. W. Hayward, M.D. 
With plates and woodcuts. Third edition, with some New Sections, and 
the whole carefully Revised, Svo, cloth, 7j. 6^. 

Losses in Gold Amalgamation. With Notes on the 

Concentration of Gold and Silver Ores. With six plates. By W. 
McDermott and P. W. Duffield. Svo, cloth, ^s, 

A Guide for the Electric Testing of Telegraph Cables. 

By Col. V. Hoskicer, Royal Danish Engineers. Third edition, crown 
Svo, cloth, 4^. dd. 

The Hydraulic Gold Miners^ Manual, By T. S. G. 

KiRKPATRiCK, M.A. Oxon. With 6 plates. Crown Svo, cloth, 6j. 

" We venture to think that this work will become a text-book on the important subject of 
which it treats. Until comparatively recently hydraulic mines were neglected. This was 
scarcely to be surprised at, seeing that their working in California was * brought to an abrupt 
termination by the action of the farmers on the dibris (Question, whilst their working in other 
parts of the world had not been attended with the anticipated success."— T"-*^ Mining World 
and Engineering Record, 

The Arithmetic of Electricity, By T. O'Conor 

Sloane. Crown Svo, cloth, 4J. (id. 
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The Turkish Bath : Its Design and Construction for 

Public and Commercial Purposes. By R. O. Allsop, Architect. H^iA 
plans and sections, 8vo, cloth, 6s, 

Earthwork Slips and Subsidences upon Public Works : 

Their Causes, Prevention and Reparation. Especially written to assist 
those engaged in the Construction or Maintenance of Railways, Docks, 
Canals, Waterworks, River Banks, Reclamation Embankments, Drainage 
Works, &c., &c. By John Newman, Assoc. Mem. Inst C.E., Author 
of * Notes on Concrete, &c. Crown 8vo, cloth, p, 6d, 

Gas and Petroleum Engines : A Practical Treatise 

on the Internal Combustion Engine. By Wm. Robinson, M.E., Senior 
Demonstrator and Lecturer on Applied Mechanics, Physics, &c.. City 
and Guilds of London College, Finsbury, Assoc. Mem. Inst. C.E., &c. 
Numerous illustrations, 8vo, cloth, i^r. 

Waterways and Water Transport in Different Coun- 
tries, With a description of the Panama, Suez, Manchester, Nicaraguan, 
and other Canals. By J. Stephen Jeans, Author of 'England's 
Supremacy,* 'Railway Problems,* &c. Numerous illustrations, 8vo, 
cloth, I4r. 



A Treatise on the Richards Steam-Engine Indicator 

and the Development and Application of Force in the Steam-Engine, 
By Charles T. Porter. Fourth Edition, revised and enlarged, 8vo, 
cloth, 9f. 

Contents. 



The Nature and Use of the Indicator : 
The several lines on the Diagram. 
Examination of Diagram No. z. 
Of Truth in the Diagram. 
Description of the Richards Indicator. 
Practical Directions for Applying and Taking 

Care of the Indicator. 
Introductory Remarks. 
Units. , 
Expansion. 
Directions for ascertaining from the Diagram 

the Power exerted by the Engine. 
To Measure from the Diagram the Quantity 

of Steam Consumed. 
To Measure from the Diagram the Quantity 

of Heat Expended. 
Of the Real Di^^am^and how to Construct it. 
Of the Conversion of Heat into Work in the 

Steam-engine. 
Observations on the several Lines of the 

Diagram. 



Of the Loss attending the Employment of 
Slow-piston Speed, and the Extent to 
which this is Shown by the Indicator. 

Of other Applications of the Indicator. 

Of the use of the Tables of the Properties of 
Steam in Calculating the Duty of Boilers. 

Introductory. 

Of the Pressure on the Crank when the Con- 
necting-rod is conceived to be of Infinite 
Length. 

The Modification of the Acceleration and 
Retardation that is occasioned by the 
Angular Vibration of the Connecting'fod. 

Method of representing the actual pressure 
on the crank at every point of its revolu- 
tion. 

The Rotative Effect of the Pressure exerted 
on the Crank. 

The Transmitting Parts of an Engine, con- 
sidered as an Equaliser of Motion. 

A Ride on a Buffer-beam (Appendix)* 
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In demy 4to, handsomely bound in cloth, UlustraUd with fi20 full page plates^ 

Price 15J. 



ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A COMPLETE WORE ON THE DETAILS AltD ARRANGEMENT 
OF BXnLDING CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing aao Plates, with numerous Drawings selected from the Architecture 

of Former and Present Times. 

Tlu Details and Designs are Drawn to Scale, \'\ J", }", and Fullsise 

being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads ; — ^Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 



Sfteimin Pages, ridticedfram the origiaali. 
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WORKSHOP RECEIPTS, 

FIRST SERIES. 



By ERNEST SPON. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Qeaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drjring Oiis. 

Dpamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Sted, and Stone. 

Etching and Aqua Tint. 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as- 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery — (Clays, Bodies,. 
Glazes, Colours, Oils,. 
Stains, Fluxes, Ena-- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manu&cture 
and Use o£ 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



Besides Receipts relating to the lesser Technological matters and processesy 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 
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Crown 8vo, cloth, 485 pages, with illustrations, $s, 

WORKSHOP RECEIPTS, 

SECOND SERIES. 



By ROBERT HALDANE. 



Addimetry and Alkali- 

metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Synopsis of Contents, 

Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut, 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric add. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting : embracing the preparation of 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, sootj, blues (antimony, Antwerp, cobalt, cseruleum, Egyptian, 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfiirth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — ^by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehides, testing oils, (hiers, grinding, storing, applying, priming, drying, 
filling, coats, brashes, surface, water-colours, removing smeU, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent psdnts, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-varnishing» 
how to dry paint ; woodwork painting). 
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WORKSHOP RECEIPTS. 



THIRD SERIES. 



By C. G. WARNFORD LOCK. 



Uniform with the First and Second Series. 



Synopsis of Coktents. 



Alloys. 


Indium. 


Rubidium. 


Aluminium. 


Iridium. 


Ruthenium. 


Antimony. 


Iron and Steel. 


Selenium. 


Barium. 


Lacquers and Lacquering. 


Silver. 


Beryllium. 


Lanthanum. 


Slag. 


Bismuth. 


Lead. 


Sodium. 


<^admium. 


Lithium. 


Strontium. 


Ceesium. 


Lubricants. 


Tantalum. 


Caldnm. 


Magnesium. 


Terbium. 


Cerium. 


Manganese. 


Thallium. 


Chromium. 


Mercury. 


Thorium. 


Cobalt 


Mica. 


Tm. 


Copper. 


Molybdenum. 


Titanium. 


Didymium. 


Nickel. 


Tungsten. 


Electrics. 


Niobium. 


Uranium. 


Enamels and Glazes. 


Osmium. 


Vanadium. 


Erbium. 


Palladium. 


Yttrium. 


Gallium. 


Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium. 


Gold. 


Rhodium. 
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WORKSHOP RECEIPTS. 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS, 

By c. g. warnford lock. 

260 nioBtrationB, with Complete Index, and a Oeneral Indez to ther 

Four Series, 58. 



Waterproofing — rubber goods, cuprammonium processes, miscellaneous 
preparations. 

Packing and Storing articles of delicate odour or colour, of a deliquescent 
character, liable to ignition, apt to suffer from insects or damp, or easily^ 
broken. 

Embalming and Preserving anatomical specimens. 

Leather Polishes; 

Cooling Air and Water, producing low temperatures, making ice, cooling 
syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 
supplying water on a moderate scale, and moving corrosive, tenacious, 
and other liquids. 

Desiccating — air- and water-ovens, and other appliances for drying natural 
and artificial products. 

Distilling — ^water, tinctures, extracts, pharmaceutical preparations, essences^ 
perfiimes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 

precautions. 
Filtering — water, and solutions of various kinds. 
Percolating and Macerating. 
Electrotyping. 

Stereotyping by both plaster and paper processes. 
Bookbinding in all its details. 
Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Instruments — the preservation, tuning, and repair of pianos^ 

harmoniums, musical boxes, etc. 
Clock and Watch Mending — adapted for intelligent amateurs. 

Photography — ^recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 
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NOW COMPLETE. 

IVitA marly 1500 illustrations, in super-royal Svo, in 5 Divisions, doth. 
Divisions I to 4, 13X. 6^. each ; Division 5, 171. 6</. ; or 2 vols., cloth, £^ lor. 

SPONS' ENCYCLOPiEDIA 



OPTHK 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important oi the subjects treated of, are the 
following :— 

Adds, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 



Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. i^ figs. 
Cork, 8 pp. 17 ngs. 
Cotton Manufactures, 62 

PP- 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Eiqplosives, 22 pp. 33 figs. 
jFeathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-doth, 10 pp. 21 

figs. 
7ood Preservation, 8 pp. 
Fruiti 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., n figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 10 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. lO figs. 
Sugar, 155 pp. 134 

ngs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen ManufactnreSy 

58 pp. 39 figs. 
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In super-rojral 8vo, xz68 pp., with 3400 illustrations^ in 3 Divisions, dotfa, price zjf. 6</. 

each ; or i vol., doth, 3/. ; or half-morocco, a/. 8#. 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING. 

Edited by ERNEST SPON, Memb. Soc. Enginebhs. 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Diiferential and 
IntegraL 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Djrnamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power, 

Heat Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

WdOl Sinking. 



